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(54) mmo&m w-mm^m^^mL^n^m^mtrnz^omt^ 



(57) [gfi] 

mm 77-t7 h^ffML»b^5M^' , j-i'A 

LfttfSG aN^77-fe7 hl8Mf<#7 7*y hffi<t7 




mm i ] was v y hmmtb-D x, wmm^ 
io^x, mwm^wMLxwx}^m^MoM^Lfc 

m : t - \m 'im ;rmmt, mmmmmmmc 

t , m^i&Mmmm z wmz&& l m-vm 
mmt^m^immmmY tmtz ctm 

mm 2 ] mitis y assts o t, 10 

s s & ^t^fgnew k t j; q m m u /t® 

^-©ig H B B 73fu^#o«g^ffigf]i^i« y ^ s ass 
k j; t#§$$ ns c t £#ist 1 1 **iessf c# y <> 

k> , mmtmmwm z i jiffi^*^ y a 20 
^t^-wsht&s c tmmttmm 1 

mmmmz. mmmmmYt.it, muz 
tmm 1 3 icmmmmmtfiv -> as 

mmmmz, m&mmzmm t < 0 0 0 1 > 
m(Dfr-m%£>\ mu^Mitmtz, iih 30 

$Kfilff1S« z £ «gHffi$sfu!« y t ti, gni 

73fu*\ < 0 0 0 1 >fifa<Dfrff 18 0° iMfteU Stt 
ftWLT^¥£g B B B fr?)^ C t ^fflti^fMS 
1 S/ta 2 tfH«©¥igH H B Sft^U ^ilio 
[»I7] ^il^l*^ii«Htt, MH»#$£ B B B ffi 

$sfilffH«z, ¥ig B B B ffi$Efi^1i«Yt«, |g B B B 73fi 

*V < 0 0 0 1 >7}fttf 18 0° $$sU SttftWKL 40 

Tv^ig B B B 73fi^^-ffl«±©ig B B B e^ c 
witt f s 1 ~ 3 (D^fnmcmmmm&mt 

mrnimm z t ashpit * o TftsmnfcHBK 
±©ig H B B e^ h a s c t a 1 1 « mm 1 ~ 3 

/c-ffl«±©lg B B B e^ 5. a 3 c t ?r#IS t -r s 1 50 
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1 0 ] mmmM^mmmt, mh© win 

ffiMulffiSS Z t mV&Mfc <fc o Tf±«5,tx, MH 

«¥ig B B B fg$sfuiffii« z t ^i-©ig B B B 73fi^ fc-oWi 

B B B 1S«i?SS c t i: 1- S 1 $ a 2 t!H« 

©¥ig B B B gft^u^Aa«o 
[H*si 1] OT^Pfi*^li«Ha, MH©¥ig B B B 

MH«¥lg B B B ffi$sfuiffii«z t^i-©ig B B B 73fi^ 
to#!g^«-ess c tmmttmmm 1 s/ta 

2 fc!B««g B B B SW; ^ ASSo 

1 2 ] &ifi^*^ii«H a, MH©¥ig B B B 

tis B B B ^^^??ig B B B ii«-t?ss c t mmttmm 
11 1 s/cti 2 tiEtwsnsw; ? ASfc 
[nVs^A! 1 ;;] iMi^Ki'Jir^rMiiiJ:, i,^i'Hf)'iWi,W 

So 

1 4 ] mmmmmmz, mv>m&& 
\mm.\mm z , m^^fgfsfi^^ y ©ngs^ffi t 
nLmmmmLtd^Mmm^ 1 fi«±©igBie 

s!I*iik 2, 1 2, i^mnmmmmm^m 

1 e ] mmmsmmmm 1 n m~ 
2 0 0 n mx&^x, mEmic&^x&mmmftip 
ix^zct mm ttz mm 2 ^tmmm^mt 

mm 1 7 ] paMii^fi«H mm* 2 0 m 

~7 0 (im^^T, SKSffitfc'^T^tgfS^ 

LT^s^^ii-rs mmz icmmm^mitfi 
H«i^w^8sc t t tmm 1 6 s 

fett 1 7 tfB««¥ig B B B gft^U Aifc 

ttl 7tfH«©i|iig B B B gft^U^Aa« 0 

H©^«^ftff^S^ui;^#ISttSf|5j<iIl 6S 
fett 1 7 fc!BS«g B B B SW; -> Aifc 

2 1 ] m^mmmim y&x vmm 
Mm\mm^mmmwmm'msx 1 0 
6 cnT 2 uTx&&ctmmttmmi£rcte 
2 icmmmm^mit^v^mUo 



3 

mm 2 2 ] m^mmrmmm z kus^t, m 

J 1 Mm SMMH ©fifg m©1i«T\ wibk 
(V^/M<, 3:; 10' cm" : MTX&ZCtm 

mttmwm 1 s/c« 2 icmmmm^mitnv 
[fi*ii 2 3 ] m^mimmm y & «t msbM 

t^ff *il 1 %Tc& 2 fctBlcWillSWJ •> AS 
So 10 
[»I2 4] (0001) ffi-esscfcfctf 
utt^fMii 1 s/ta 2 izmmom&mftxv 

WSL 

[fi*ii 2 5 ] mmmkmmmmmm 
(0001) mxm, rmmMmmvmm 
(000-1) m&%ctmmttmm\, 

2, KD^fnMcmmm'^Misvym 

So 

#Ga®"C$D, K4^l^^«H®#gE®Stt# 20 

6 , 7 o^nfrfcKKo^ilSfctfy •> as« 0 
[fi*s 2 7 ] mmmmsmii h dw©^ 

Sc^^gf^'U^ASSo 

[tra 2 8 ] mmmmma. z t&t^T, * 
c ffiffiicwt i^cj: mm t ?& 
mm i trdt 2 fctEtwsiisfE^y ->ass 0 
[»^2 9] gm&mtt^r, mxm& 30 

mm im&2 mmmmmtfiv <ymm 0 
immoi sm^mic^x, mmmm^ 

mm i %fc& 2 icmmnm^itijv ?lm$l b 
umM3 1 ] mmuxicx^xsmz (oood 
\st Ltcct mm tt% mm 2 4 t mm^m^m 

[ft *« 3 2 ] ^bcDmrnkmrn^mmn t znm 
mmmMmmmz t^nmmm^imm 40 
mmy ^ <o ftzsmmmz, nm&z^xmm 
l < mmmcmw$#rc c t mmttmm 2 1 

mm 3 3 ] ^bommkmrn^mmn t znm 
mm^i&Mmimm z t ^n£H^fg H B B ffiMu£ 
h«y <fc d rsmmmm^ Mfrnz^xmsE 

L < aSUffifcEB?^ \cMc *) , r#sa8£SW!& 
« 6 m^tt^fe-o 6 @*f$;E?ij/^-;/©iEH8jfr?) 
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ftQ ^assffitsaa? z t mm tt^mm 3 
2 tfBS^Wi^sw; •> ais„ 

[Il^il 3 4 ] ^«1^*^tI«h t ^tx£H 
cy¥lgHfglKfuiffli« z t ^n£H«g B B B ffi$Kfu£ 
mm <k DftSg#fflSftQ^ M9«&oTMfWiE 

E^^-y©iEHft^©a©^[ni*\ < 1 - 1 0 0 > 
f^U^ASSo 

[fi*« 3 5 ] ^bmmmmmmn t tmm 

MS Y <k D ft S a*fflSf* Q ^ , M fflft^ o TMM1J1E 

E^IJ/^-yO)E=ft^£7))a£7)73^^, < 1 1 - 2 0 > 

^ut?fes*^#mtt«!i*iM3 3 immmmm 
mm 3 e ] ^(ornxm^mn t ^nm 
m« y <k 0 ft sa*fflif*Q mm o tmmijie 
0 ig i ^ 6 ft § 4 mft&ftfc *> o 4 mmmu * 

iK^tS!l*il3 2 t!E«©#!S H B B SW; ^ASSo 
-<? vm\ 11) (..:)(.;:/)■ 1 i'r j . l: ! j i 1 h i ■ ■ I n m %>s>/-yo>\m 

nB<Dm<D^m\ < 1 - 1 oo>^$«i*i?t 
fr«i*^3 6 tfatc^iSHfjSfk^u 9 ASSo 
[11*1 3 8 ] mmmmP^-yviEmmmft 
m<»mt>\ < i - 1 o o >mx&mmmtt 
mm 3 e tmom&mwj 
[11*113 9] n-^mmmmvdmmum 
Lfribfrz 2 mmm^ 2 mmmvw-yvg. 

x^ic mMmmmmmimw^Tc c t mm 

[n*S4 0] mmmm^mmnmm^yf- 
xmmcti&m^ s d r s^wij/^ - y ©a^ 

^®5©M^tt^©5S^S«^iRi*V < 1 - 1 0 0 

> mt&z mmm t?z mm 3 9 icmmmm^ 

[n*S4 1] mmmm^mmnmm^yf- 
xmrncML^m^ s d r @^ wij/ ^ - yoym 
mmm^tem<Dmmmfifat>\ < 1 1-20 
>Mix&mmmttz>mmn3 9 icmmvm^ 
gft^u^AaSo 

[H*s 4 2 ] a*ffiS{*£WJiE l < mmnfcs 



BtLtf 5 0/xm~2 0 0 0 /x mtffe*C £*1ft&t?% 
«PI3 2-4 1 ©Mn^etB«©*f£ B B B gfc#y <>A 

[»i 4 3 ] mmmm-smmmmmmc 
i^sc tmmttumm\ %rc&2 tia«©#ig^ 
[fi*ii 4 4 ] P4tM*^fi«H ass^rt^t 
nmLth^c tmmttmmm %tdZ2\cmm 10 
mm 4 5 ] ymsmncmmmc ^-Drm 

^ t/cs s t znz&mt k ^ e&s s ufc 

£ , ^isnffifefirifffiifei z © wit^ft l n cis^ 
m-m, mm&^mtm&mmtmm 20 

[tra 4 6 ] ymmmmmmmmc x-^xm 

^LfcZst znz&mt signer k ^ 5 a s s u/c 
sriTS^rai^PM^^Ht, b§£krs&£PSh 30 
©JiHtlfft^^iSllTSSiiiigilffiefulfffiSz 
£ , ¥£g B B B {«Mffif *i z ©^jh t ^ 

mm ^mmmmmm y t u&ff sign 

z ©iiwffit -e t ^igne^ k t mmmmwM h f*j 
gpcss^ ¥ig B B B ffi$s{u^i^Y, ¥ig B B B fg$Kfiiff 
n« z frzwxfT%rcML<DfflWMm s 1 

[»I4 7] m^mmicyr-ty hmfrz&z 40 

t°7 hail, t°7 h ©JSffik:BH«^HS*^S«H* 

mm Lxmzv, mmmm^mm Hmmmm^ 
i&Mmmm z t ^ignffiisfu^is y mmm 

mm z t m^i&MitMim y ©Mu£ffi«-f s 
wist -ran^s 4 5 xa 4 6 icmm^m^mitm 

[»I4 8] |g B B B Jtftttfet7 7-fe7 mi?** 

M«H©ssa^ig B B B ^SD, ^©MBtuff^Wi 50 
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«y a^-73fu©¥ig B B B ^s^ c tmmt ?%mm. 

4 5-4 7©MnMB«©¥£g B B B Sffc#y T^SK© 

mm 4 9 1 w&Mst&Mmmm z t ^©^t 

fe^¥lg B B B ffi$sfu^1i« Y ^-73(4©Wi B B B -?£ d , 
&«ra*^H«H ©S S a¥lg B B B ffi$Efulff1i« Z f> 

tt±«ig B B B e^e»s^ii t£#iti:^«i4 5-4 
7 ©MnMaB«©¥ig B B B sft#y ^ Aas©jSft73 

So 

[fi*a 5 0 ] m^tmummm z t ^©^m 

^^¥IS B B B ffilsfi^M« Y a^-73fu©¥ig B B B ^S D , 

^ii^pr H »^n«H ©s s mmmmmmm z ^ 

¥IS H B B fifsfi^u|iiY t<0 0 0 1 L^© 

ffi©^fi^ii&^is B B B ^fi^t-r^-ffl«±©ig B B B e^ 

p»ftac:i:^#ti:tS^S4 5-4 ivftwicm 

mm 5 1 1 m^i&mmmm z t ^©^t 

^^fi^ii'n'iffife^MiMYi^M -/;ii'-jo)'iWi,WT*<F)'j, 
iiI^Pf H *^MiiH a, #is H B B ffil5fii#^« z wig 

Sffi<6ffi£flgJiYfcfcJ;<0 0 0 1 >73^I©^* S 1 8 0° 
5-4 7©fqjn^tIH«©¥lg B l^f[:^U 

mm 5 2 ] m^mmmmm z i: ^ ©^ast 

Y ^^-^©^igHlTS d , 

i y-j^n v^i:r,'i m rn-iJi-ic 1 1 ( i . m^Mmmmm.y.^n!\ 
^imiiL^mmY t\t< o o o 1 >^m % 1 8 o° i<g 

L , Stt^Sli L T i ^ -f0«±©ig B B B S^ 5 a S c i: 
^#mitS«*^4 5-4 7 ©MnMBS©¥IS B B B 

5 3 ] ¥iS B B B ffi$5(ilff1i« z t ^©^gpt 

&1iIWa^1S«H©SS a 1 fflK±©lg B B B e^5»ft 

o x s s ^aHt^isne^ k \m\mmx&%c t * 
w$.tt%mm4: 5-4 7 ©MnMB«©¥ig B B B s 

s 4 ] wmmMmmm z t ^©^t 
ss¥ig B B B fg$Kfu^ii« y a^-73fi©¥ig B B B T-s d , 
&w^fi^ii«H©ss a i fi«±©ig B B B e^sft 
d , s s zmtm^m k as«^Pfi©^f*^s 

^Ct^#i!(fct^f|5j<Il4 5-4 7 ©MtlMBl© 

5 5 ] m^i&Mmimm z t ^©^t 

S^^lg B B B ffil«1i« Y a^-73fu©¥ig B B B ^S D , 

mwm&mnnvz s a¥ig B B B ffi$Efuiffii« z ^ 
*|g B B B ffi$Ef]i^1i« y £ ^-©ig B B B 73fi^fe^¥ig B B B T- 
s d , s s ^H-r ^isnew K mVikM'V&Z c t 
mmttzmmi 5-4 7 ©fsm^etBi© win 



mm 5 e] mmmmmmy. tzommc 
& mm^mmmm y m-mmm^M <o , 
mmmm^mm h<dzs mmmmmmm z * 

¥igHffiMu^«Y ^-©fg H B B 7»fc^Wi B B B l? 

$> t> , & s ^sh 1- a ignew k 

Mcit 1 1« fi*!! 4 5-4 7 (Dmmctm 

mm 5 7 ] ¥ig H B B ffiMuif« z tzwmc 
&%m^i&MimMY im-^iimm^?& *x io 

Mfl^l*^l«Ha)S S ^g B B B 7«^S H B B fi«T- 

wmtmmA 5-4 7 (D^nMcmmm^m 

mm 5 s ] 'm^i&Mmmm z *©^gpt 

mwmmsm h s ais^ps^ms^^-e 
& t) , s s zmtzmmmzmRmm-sw-etb 
&ct mmttmm 45-47 vmmmmv 

^HgfiSftjffU^i^Eo^^So 20 
[« *if! 5 9 ] ¥IS^ffilEfii#ffi^ z t *©fl.gpfc: 
$ S¥llgSffi(gffi^« Y ^-£ft©¥l£ B B B -?£ 0 , 

mmmm-mmn<DZ s steeds** si^tts** 

Lfcfrffifcfe-o 1 {|«±©£g H B B Sfre>&s;: 
t«ii*«4 5-4 7 mtimcmmcom&mikfiv 

mm 6 0 ] mmwm^nnHoz s £&tis a B B 

^©IS^^ail^Pf W«K7<ir?&S c 
taffies 7 5 8 taE«©#IS H B B M: 

tfy^s&cjjimm 30 

$Ef41ffft«z tfcnts«^£S H B B j£il©7W ctt 
mv&zc t mmttumm 45-47 ©Mtx^ 

[!!*« 6 2] 7 7 -fe 7 bffifr 5 tf 7 b ^1A^ 

mm 63] 7 7 -t 7 hffifr s as t° 7 h ^ «ffi 

©Sa«2Safc©l+r^j|-efeSci:*#ISi:'rs 40 

fl*ii6 1 tiaigc^iig^ft^u^ASS©^^ 

[ft*® 6 4] h° 7 b 5ffMt 3 7 7 -fe 7 b ffi«g 
Stf {k k-2 k n} Mfcitf Ik-kOnl ffi (k, 

[ft*® 6 5] \L 7 b 5ffMt 3 7 7 -fe 7 bffiCffi® 
Stf {1 1-2 2} Sfcitf {1-101} 

t mmt t%$mm6 4 icmm<n'm^mit^v 7 a 
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[WI6 6] 77-fe7bffi^5»aSb°7MStlt< 
P4tMil^iI«H li tf 7 b m&tZ 7 7 -fe 7 bffi t 

tzmmi 5-4 7©Mtx^tfH«©¥ig B B B sft^u 

[11*11 6 7 ] 7 7 -tr 7 b ffifr 5 a S t° 7 b ® t m< 

mmmmmmn it \l 7 b mm* 7 7 -t 7 b® t 
mm.wm d , fsfw © <t d *s im^^s® t 

LT$S^^£#f^£!f*iJf4 5-4 7©Mtl 
[|f*«6 8] 77^7bffi^aSt°7bJgfcfK 

m«^^^is«H a , #ig H B B ffi$s{uiffii« z 

B B B ffifEfulMS« Y tt< 0 0 0 1 >1j^<D^if 18 0° 

4 5-4 7©Mtl^tfH«©¥lg^Sft^U7AaS© 
[11*16 9] 7 7^7bcS^?»aSt°7bJSt^< 

i v-jjfi i:,Vi m NL'f Ja-it 1 1 i j: . m^immmmy.^m 

a B B fi$Kfi^M«Y tli< 0 0 0 1 >^<D^ 18 0° 

^ffi^fut?^ o , ; e©ffi73^]i^i^ { 1 1—2 — 4} , 
ii 1-2-5} , {1 1-2-6} , {1-1 0- 

2}, (1-10-31, {1 - 1 0-4} frSftSC 

tmmttumm4 5-4 7mnmmmm^ 

[fl*^7 0] 77-fe7 bffi^5*Sk°7 bgfcfK 
liI^Pfa*^M«H O^tt, tf 7 b S 7 7 £ 

tttS«*16 7 tfE*©¥IS H B B Sf[:^U 7i,a«© 

[!I*IM7 1 ] 77-t7 bBfrS&Stfy b|gt^< 
&1iI^r H ^1i«H i|i|g H B B fg$Ef]ilff1i« Z ^i^lg 
B B B ffi$Efu^S« Y tt< 0 0 0 1 >^|rIO»*« 18 0° 

jmiel, siws$elt*3d, zvMmz, vvhm 

l»C-grTS C fc^#lfctSf|*Il6 8 tfH«©¥S 
[||*JS7 2] 77-tT7 bffi^&aSt°7 b|gt'^< 
ft^-Sci:^#mt^S!l*il6 l t!H«©¥ig B B B Sft 

[||*®7 3] 77-fe7 bffi^5»ftSb°7 bjgtlK 

r4ii^Pfi^is«H^ i /i m~ 2 o o /i mmnmn 
L%j?zmt%ctmwittmiim4 7icmm(D 

mm7 4] 77-t7 bffi^5»asb°7 bistiK 

^#mt-rsn*ii4 7 ictmmm^mtiiv 7as 
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h]j I ^ ^1H^»»TI + «fta«ST 

Mcit £#a t?& mm 4 7 t!H«©*ig B B B sft^ 

mm 7 6] 7 7 b 7 hffifr 5> t° 7 h JgtIK 

s»m^s« h mm t ti>ic¥ 7 h ®t ? i $ 
zmttzmme i ttB«©¥£g B B B swj7Aa 

[fl*Il7 7] 77b7 h»5a2t'7 MgtdSS 10 

P*1tMi^fi«H t M D «g B B B ffi?zMffii« z ^ 
vMmmmm k z *^ s 

t, ammsit^ctmmttmmmG nam 

im%7 8] Cffifr?>fgWc77b7 hs^sas 

mcmcmn^ t°7 h*&®Bi«fcRis*£flg«H's 

ftfroTff^tC tic J; Diaf5fu£ffii$t§«£#lt 20 
[fl*S 7 9] 7 7 b 7 b m<DM&fr £ & D 

[«#£8 0] 7 7b 7 hffifiD*£frSaDtftfcj£8B 

h£gB^bT£g B B B $il2b£ <: i£#iS(£^ff*iJf 
[fl*JS 8 1] 7 7 b 7 hffi«*£fr 5 a K) ^)&W> 

MS! K RS * i« 1 1 tffiWT 3 <fc 9 £ 1: 7 h * 

ga^ij^bTign^s^b^ c t mmt tmm 1 9 40 
mm 8 2] 7 7 b 7 hwm^fr 5 a d p 

©Mfitraixr H »&fifeiH^fi«t?, ^ t°7 h^&ia 

^J?-bTig B E l^ft$-b^i:i;^#mt^li5}cS7 9fc 
!H«©¥ig B B B Sft^U 7 Aa«©Jtft73r£o 
[fM 8 3] 7 7 b 7 hffi©&&fr 5 ft D ^*|ggC 
t P4fi«ii^fi«H tf 7 h fg B B B $ so 
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(D \> 7 h PeMSSBSI^ tROTSt"? 5 0 /i m~ 2 0 

o o p mT°&mmmttz>Mm7 9iztmm^ 

M^mz^-z&mzymsmtictw, a«© 
±.\cm>m 7 utm^m.^ mtmmmm 
MSiH^ML, nw©H7 h77b7 m\cm 

< g^t^i|i|g B B B ffi$s{uiff1i«Z WIL, Pgtf 7 

witf) cffijSftf a¥ig B B B ffi$Kfu^ii«Y £ 

Jtfi£b£i9fcU ^f7h«i?, TBI 

4 7 tt3«©iiig B B B g{fc^u 7 Lsmmm* 

t§a«©±tML^U 7 L^ H B B fiScft?b, U<D±lz 
& K. 7 h ©7 7b 7 hffi t gft D <fc D SVMS 

^iSfSC ^^#ttttSfl*iM8 4 t!H«©¥igBl 

ift^'J7ASS©«ftm 

s 6 ] ^m^&mmm, mmm 

ttmm s 4 tfH«©¥ig^ft^ u 7 as«m 

«a«±tia«ts c t mm £t&t$#m s 6 imm 
mmns 8] m&wi.&ftBfc>w--y?Lrc 

[||*S8 9] tgtfl/im~3 0 0(imOR^ 

tt^ii ff^ t / ^ - - y 9 l /c ^ig B B B it ^ a^nKsai 

mm ttz mm 8 8 icmmvm^mi t% v 

[H*S9 o ] s i o 2 wmxit s i s n 4 mm, 

tmmttzmms e t!H«©¥ig B B B sft^u 7 a 

[H*S9 1 ] 7Wt (p t) si^ rai^Pfi* 

tzmms 6 tfa«©¥ig B B B gft^u 7Aa«©jt« 
7m 

[fi*ii9 2] *v97stv (w) mmm 
M-ffi&mnmt LTT«a«±ts«t^ c 
t tzmm 8 e t!H«©¥ig B B B sft^u 7 mum 



11 

mm, 

mm 93] g a n msm?*, mmxmmm 

r£ 0 

mm 94] g a n w^mz, mmmm^m 
mm* 4 mmmm&mfcfiv ^hmmmis 

r£ 0 

mm 95] g a mxmmmmm^m^ io 
rmmmmmnmt Lxymi5.±mw?z c 
tmt&ttmmz 4 \cm<om&mtm 

[fi*ii 9 6 ] ymm&±. t g a n x t° * y + ;n 
t mm ttz mm 9 5 mm<»w&&m# v^l 

[WII9 7] T*SK±tG aNXk°^y-wH 20 

fcftsu j e-fiD±tGaNjewfiDsatf^6as^fiie 

VX^«^g^tX7^y^StTfT^©^«t/^ 

Lxmmzc £%mttzmm9 5 kb*©^ 

[fill 9 8] G a N ^©flS^f^l^t/Hi; 

$ u ^© vx^i^g^tx7 ^y m£Lrffi%. 
(Dm.K'Vt--y?Ltc?7>tm, mmmmm 30 

mm 9 9 ] mojmv ^~~y?b k $m 
msm± icmw u ig^#ft La^Tsfisssfflt ax 

t° £ 4 1 y * r -X ^ff 5 fc $><D E 

mt%TMSm±.lc G a NigH^ft^ff 5 c 
IS t f S III 8 7 fctBiWfgHSfctf y ^ ASfM© 
Jtft^rio 40 
[fllll 00] TSfiaSKE LO/^-y^EHL 
T x t° ^ y -w W r ^ - xr£Sc j; o T 

fgffi©GaNHMI?t, ffiM4GaNiil©± 

- y ?s nfc^^^tt^MPiDi*^ u r« 

lis 7 t!H«©¥ig H B B sf[:^y >)AS«iojsim 
[fill i 0 i ] T«a«±tSffc#y ->i^^ H B B jt 

»ce«u a^frrsT*a«tgfk^y>A^s 50 
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ill 10 2] t° 7 h^©/ci6©flt LT, 

--y^L/c^iiH^^a^igii©«ii^^i6T«as 
±tEHL, a^fr^T«a«tsffc^y ami 
?«c^aoT, ft^t^©a©±tt°7 
4?«iit^#Mi:-rs!i*iii 0 1 

mm 103] tr 7 h^©/ti6©at lt, ^ 
-x y 9 l mmm^m^mm^^ymmu 
±tE»u a^t^T«a«tgffc^y A^jtft 

S-escfctioT, ft^t^©a©±tk°7 hjgtf 
<Si9tt°7 -fulfill 
l 0 l tfH«©*g^ft^U*>ASS©Bggm 
[fill l 0 4 ] \L 7 h^^/cfe^at LT, 
-xy^WcS io 2 glc^as i 3 N 4 ©IPUKgScW* 
^|±^(7)^i^^i6T«aS±tE«L, g£Wr*T 

ttastMt^y^A^ft^^ctt^oT, «^ 

ill 1 0 2 s^tt 1 0 3 tiHic^ig^ffc^y ^ a 
a«©fiScft^Sc 

ill 105] t° 7 h^ofefeoai: IX, W8l 

«iiii 0 1 \cmmvm^mt$V'ykMmf& 
mm 106] t° 7 v^ofctbomt lx$m? 

G a N^iSHtei^StWiG a N^|g H B B 

ae^-ess c t t«wiii 1 0 5 

[tin 107] T«a«ac tf 7 h^©/ii6©a^ 
mpjjie 1 < e« l, ^©fi©T«a«±^©sft^y 

A^lg^ftiCctoT, t°7 h^a©fu«tMMiJiEL 

< if 7 h ^Ba^j-rs <fc ^ t l/c c mmttmm 

1 0 1 tESw^Kg^ft^y^ASSCfiScgm 

mm 108] enfi)cnt*3^Trai^PM^ii« 

wmsmm z ©Jiwrnt t « snew k t rai^ 

m&mm^mmfrzmx%rcim<Dffi®m& 
^mm^mt Lxmzv, m^mmm^ 

mm 109] ^mmic 7rt7»es 
s t: 7 h ttm u t° 7 h©^tw«^RS*^i«H 
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rMmLtcm^m, f#sn/cfg B B B £$t«taxLfc 
«Lt mm t tzmmitxv 7 mmmmx 

r£ 0 

[fMiH i o] wmaxthx, x^xirax, w 
ifijtox, 7 7 Tdymx(D $ < fc— o£3t?c 
t tmum i o 8 sfctt i o 9 ttH«<o#ig 

[»I 111] TS&Sfcfc LT, G a N, X7 7^ 
•V, SiC, 7X°*;k GaAs, S i ©MtlfrClffi 10 

X3 <: 1-3 III 4 7 t!H«©*lg H B H Sfb 

[fl*!! 112] |g H s H fiScftgffi(C 7;'-fe7hI^b4 

3 1° 7 h wil, t° 7 h «gm«^r 0 t 
£3M Ltj&g * pai^t &®fei h mrnvrnz 
mmmmm z «s B B B ffi?zKXMgfi y ©sis^ i 

§JA^ffi?j|L7ciS^J¥<^ft^^yd > 7 hit, m 

v ?L&&m& ctmmttmm^mit^v 7 a 
mmmmm, 20 
nmmi 1 3] mumic^T, mmmmh 
xm^mwmm-SLTtz, s mmi^m^m 

mi i ^ , mmmmmi mtMommamz 

z wBkfflE i n-<o^m mm % mmm 
mm tmtmm&mtm ^Lmmmmt 
lx %o±.izmtJfv<yL%j$<f&m%ctic£ 

mnmmu m^mmmmm^m^m 30 
\tmm y ©xt a, ^ignffiKfuifffiM z« w# 
iS H H H fgflc^«Y^ni-3c tv^ydv 

mitisv lyu^ttm c t mmt tzms&mmx 

mmi 1 4] aissffitfe^T, mmzmmb 

TWXfZ&®.<D%.m<0%&Lrt& S £ftgPt#^§£ B B B f5 

nut, rmmmmmmmftL^mmicftM-z 
timmmmmmmzt, mmmmmm 40 
z l m-m&m&iitzm&ffisftL 

LX Z<D±lcm{t%y}k*m<!8Mt?>Ctfc£ 

x aigH H B ©^ii^i*^ii«Ho±ta, 7 7-t7h 

^I«HftXM2X, S/X ^SUffilsfulfflliSZ^ 

m^i&iimmmY ©xwx 77^7 h®*^as 

Xy WP%77-fe7 hffi^JM^tU * 

ig B B B ffi$K(iiffii« zs/c m^mmmm y 

St^fcX^ydXl^fMU §l£g B B B £X7^X 50 
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c t mm t tmm^mtjj u 7 AS^iem 

[11*11 115] KSfcRBH^flUg H mm 5 /i m 

LT^3^#mt1-3fi*J||2 {cfH««±Hgft^ 
'J7Z,SIMo 

[0 0 0 l] 

mm^mm^^t-Y (led) ^nm 
*i#x-x (ld) rjiEmmm^mmtL-cm 

Xt3 #15118^X7 A (GaN) Sfe *3cfc»g 
B B B §{t7jX7AS« (GaN) ©jjggm ¥£g B B B Sft 

#u7xa* (GaN) (DwmmimtZo 

[0 0 0 2] mit^^MW n n G a IX GaN) £ 
ffl^/c^imilffiL E D t bTltUfflf^tlfiJffl 

jb^tft^©-^ feii'^ii^SIMi: LTi»tt©t7 
7^-^ (o-A 1 2 0 3 ) *m^n« 0 +^77^t© 
X@M^ffi©XtG aN^I nGaNCfi^fni 

k:*^+;l/iSg«-&TLED#Bi*SB&rSo s^s 

i CS^ffl^/cG aN^CLEDfegH*^ -gPH 
ffltSotl^o ^7 7^^S«±tMtL7cG a I n 
NSCtfeLEDtiteffil&gtfl 0 9 ~1 0 10 cm 

[0 0 0 3] ^7 7^«M§^-?A#L^t<Sfffi 

LtlMt^^o »feL E DCS 
« i: b T ami *> D t ^ 7 7 -VSiRff fljfli 2 ti 

[0 0 0 4] U^La^e»^7 7^^SS©%7t^t 

^ -5 c XS 3 0 H X 7 7« D ffi L t PnlM 
^XX3o ^7 7^X7x/N©Xt7x/N7°n-fe7tj: 

0 T ^Sc© LED L/cS t X 7 7St« D ffiTt 
t e^ffi^ipJMT t J; o TX 7 7St« 

[0005] mm^v&^^mfi^smmtct^ 

X^*V\ ^SDnSllS (77V- K) ^SKClSffit 

mt^ct^xta^o ^cxx7 7^xa«©xtj? 

^nlCGaNlMU X©Xtxt°Jtftt Jc^T 

1 nG aN^CLEDSJa^ffD^ XMgP©p-GaN 
WISP b MTS <?) n - G a N t V Xc 3 S X-g^ X 7 X 
yTl^XLTnSmX&flMLuu^nllS (*V- 

K) Sofcg^CXM^ p-GaNtp 

f^tSil/^SiataoXI/^c n-G aNtt!^a?3j? 

t feXffitft D 7^XX7XV 7X^r0Lft^X!Jft 

sai/\ x© <fc 9ftasxxg^^Sji^r B ife^^ 
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So 

[0 0 0 6] cnSttL E D©®RfcLT©fcj£"C8S 

t\ ^mtt-u-if (ld) ifs^ifw&v^e. 

\c£^xmmmx&m%mt?&%* 
km^&tjmm&mzT&Zo 77 7^a«± 10 

OGaNtilO 9 cm" 2 gg©S(^< ©M§^£S 0 

l e Dc^i^nap^M^a^-fisa^^^-rSo 
TM^F^&t s fcv^ct^sD^So ^© cfc ^ at» 

irVV7 7J J rmmtH& I n G a N&fti£?<Z>SlS£ 
[0 0 0 7] 

[fM©Kffi] Sfli^&^oSRfcLTgjg®*, 

Ott^ttD G a N^iBSSiE-pSSo IfMt^S&K© 
G a N*BSSiR*SBi'rsSfl5*«*fSS»"P« fcfcab 20 
j£v«£ttSGaN8ft^A#-?t&fro/c 0 feL 

So G aN¥ig H B B «gmr^tO 0 Wti^Tfy 
7^©^DfflL;W££{KftlE?ifc&So LD©>«§ 

aNBn mmmictnmm\i.m t> , n §»«©!© 

ffi#&£D7vt<$S*^-?tSo £fcxt:**5/-wi/ 

*nfc©rafci&?®Ro^^H/^t>ai/\ ^©.twj 30 

[0 0 0 8] L^LGaN^^^jto^f5i:#IS 
LTLSt^G a NCBfift^rfpS C WT't4l/\ /c>S 

M»i£^-f s c^icj; o T@ftig B B B ^Sjg-r s^ 
3 * 7 u 7 y^a i»©Sffii 

TT© *m B B M$»^T t igBEE£&tf 

fcnt^3„ /ci;^nIt^fe^Tfe/J^©|g B B B L^l?t 

SMji^aa^o 40 

[0009] ^u^isa¥ig B H B a«©±t^igjivsa 
t <fc o t g a n ©jgufcj? < vrnzmtz c 

tt^oTG aN©i|iig B B B glil^#S<J:9tL/cG a 

s t ^* * ^ o 74 ^wmx\mmz-ws.x 

TV7 7j^mmftMt%mmz>-t>nx^2,t)\ 
[ooio] m^mtm^h^t < g a n t ibs©* 50 
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v^R^as^t-es*, /ct^a'G a a s (D^mtm 

ttfcfeofc® (111) ©±EG aN^ctt73^]t^|g 

^5S<®E±KGaNH:jE£Sl/a^o fcfcfcJfcgLT 
fc«5^A? < Ta n H pK©¥ig B B B a«tft5,a^o 

[0 0 1 1] ^cT^SOt^f^VX^^GaAs 
SRfC-QlJT^^©±*^G aN£^a£gS#3<: 

S^r^J&ftS (Lateral Overgrowth) fcl^5&©£ 

[0 0 12] (1) #K¥9- 2 9 8 3 0 0^ 

(2) #M¥l 0-9 0 0 8^ 

(3) #K¥1 0-102546^ 

(4) #K¥1 0- 1 7 1 2 7 6^ 

(5) ffiffl-i 0- 1 8 3 4 4 6^ 

[0 0 1 3] ft2?*0#j£0fl§£ljl3SfrfcLT^ 

s 0 ^mi^mmm^-D cud g a a s s«© 

(fflfc&l OOnmlW &OtfSo ^7s?©ft73^ 
P3J^SSt4. 6 0^tt^t^r£Hft^©lDjgL/^- 
y©IE=ftffm*©fi«t^StS £ 5 tfgtf S 0 Tcfr 
^OO&^nif6 0° ©^L^£&LT60©J! 

[0 0 14] ^©/^-yti5t^TlEH^©3WJ* 
fc?G a A s© [- 1 1 0] Tjfi^Wi [1 1-2] Tafn] 

itt^SD, 1©G a A sffifrSG aNffJ&gU 
{'OlKGaNB^ft^o SJftfcffiil (5 0 0°C~6 
00°C) "WZt&QWbi (I^tf8 0nm|*) ^7 

WeTtSlT^So WiiliCG aN©^Bt4L 
/c^c io^xnii £ jSft LT t fc © -es S o 
[0 0 15] *0&<fcDBffT?GaN^fB/£g£'r3 

/^777l©±tG aN^l*±^S 0 ^tft?X 
J'fcl^UiSStaSo VX^itGaN»ab 

T\ ^©fiG aNtt«73^Ifc«tfS^]^tfex'77©± 
-\£$ftUT^< 0 /c>S^©^>L^^fctSiE7\ft 
^ilfj©ff^«^TGaN«l^JtJILT^<o Izifu 
ttG a N|g B B B ©^t^Mt^StlS^utiajtft73^]t 
TO t#tfT«> < o V77©X7 v-'tfc'^Tjtft^^ 

tgft-rso ttftj&M-hmmimL&ti^G aN 

[0016] mmmLrmmii^xmmm^ 
mmmbxzmmtmtZo Q^mimm 
(Dm^x^cftmL^m&xmm om) m 
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lt t reft s> ^n^n©«itt^^ig^m v ©^«^ 

#7>l§»f fc^ftfa <fc a fcftSo ^© 1 £ CKfili 

r»a <: t &&a 0 isfu^-gMSgtii^-fa t 

^©ffi©^7>«{Htefut& D , ^lff©8«£ LT?t 
[0 0 17] P8^SjtftL/cG aNSM^^IS 

a o ^£gKtT^g$il^Tfr&D©J¥2 (SS/i 
m) ©GaNAXVGaAs© 5 »|l.o VX^ 
a A s«£UG a N©&©|iffi©gYHtfc-f £ 
G aNCSKigH^T^o G a A s fctl^tCCiSfr 

[0 0 18] 7f7;«a, ?Efu©l£#ta7^ 

0 0/imtti) ^fti^t^ 20 

TffStlfcG a N^BSOSE"PS-3feo 
[00 19] 

[0 0 2 0] ^tOl^ft?YXi'^^«fi? 

0 7 cm" 2 gg&&oT{g$S{u©fc©«^&t/\ I 30 
nGaNlL Dffl©SfMt LT^£'/c^f #T*&S„ 

[0021] ft&mmmmitjs 
v v km^mz rat, m^m tt t> \mmm 

[0 0 2 2] (6) #M2 0 0 1 - 1 0 2 30 7^1 (# 
M¥l 1-273882^) 
[0 0 2 3] GaAs©ityX^Sot7f7M 

TS<THQts/u/cII (77-t7hffi) ^ffi^l/o 
^Jtft^-^^o cf^fatCffi^g^aCTtt^T 40 
C ffifr 5, Ml 4 L ft® £g® t gS ? ft 5 £ €S 

[0 0 2 4] Hi ~H3t<J:-3T^a)77-t7 hJ&R& 
mmt^o G a Nig B B B 2 a¥±iS®7 Cffifc&S <fc 
9 t c WuftgLT^So C® 7 fcMLTfgf4Lfcffi£7 
hffi6 fcnf-R, 7 7"fevh®6£8&j&i?£&K 
77^7 hffi6^SML/cSSjtft^S 0 lg B E ia±t 
fafroT»&±tf'5>txa©l?<i&afrP>7 7-fe7 hffi6tt 
II^LT$f§S©t°7Mi:^o MftS©t: 0 7h4« 
RJ&£jlS.3tf, ^i6ft$t ( {1 l-2m) i^B 50 
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{1-1 0 ml ) 1 2 ftft ( {1 1 - 2 m) Rtf {1 

-iom} ) (mass ; igBWut^^rati 
^■r^isttt 1 2ftii©73^j:Diiitffiat^o 

[0 0 2 5] ^(Dk 7 h 4^ffli6?A't?^ £&<Jt 
S^#it2©ff77t7 h «£©&?£ a 0 Jtft 
i;i;fetHffi®7 7-t7 hffi6^±#t^^5»Jtft73^I 
£ ¥ff WtsMm 7 7 -fe 7 h ffifc: *f L T ft fa 1 1 fa 
TP, Sft^73f4©7 7-fe7hffi©JiWIS (8158) 

t°7 hSt^/cD^S^D-\ftigt^o s 
Hd6 0° ©ftg£&ofcg»U^ ^<©H£Si^ 

bri^o ^a* d t *$g l/c & © mvt 
ff)Mm^mm\ 1 t&a 0 g^^eMpigj? 

®frSjl»cTL/cg*¥ffi©^fc^£tia <t ^ 

a„ J t0«fc5fcS^fc6O° (7)ftg^4t3KO» 

^LfcSfcStfKRSl Ott^o #^<©$sfu^C 

So 

[0 0 2 6] C© ( fc^tMfH©77-b7 hfiScftaKfu* 

77-t 7 hffi-ejf t*feT®^RSSLtftfi^©^a^ / \ 
fcffl£ififtTft< fc^mBffSSo ig^fta^ftw 

fctt±|R|£ (cfflfat) fcltytf, ?sfu©SB3«©t| 

W¥® (ffi«^psi o) \z.mt% a mm&nm 

[0 0 2 7] 77-b7 hOg^tfK 

aN/G a A s fflLT, GaAslf^YX 

7^^£^So t*tGaN^Og4JS|i?t8. ^ 

T-ts„ g-e^Tt^ta^ma^x©^^^^^ 

t°7 h^ffili^^TS^MSS^Ctt^oTlM 
MSdfcjb^tSo $/c^©l^a^SHltcJ;o 

[0028] a«±©fg$Kf]iii«©$Kf]i^a^iimii 

St-?»i:^fcio 6 cm -2 ggJXTtS^tact 
ftbfr-DTco 7T7MST(i 1 ~2 X 1 0 7 c m" 2 

gg©iEfuSg^s o TcvTii?^ mmmtn 1 1 

[0 0 2 9] LfrXsftfttttD&SWmi&mi^ 
L D ©S«t LTffi^ S G a N^igH^ff 3 i: ^ -5 HS 

^e. t a i r^s*^ act mt>^rc 0 

[0 0 3 0] 7 7-fe7hffi^P»aatf7h^ffli6ESa 
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vVtl^ 3 ) Pn«£ o Tea fflfc 1 0 0 /i mitg© t° 
fcfe^T^ 3 0 /irnggClBtiS/u^D tfctfiX 

[oo3i] cnte-§.mLrcMzmmi^m 

mzk^XVy hV^^&ttZtLxnvk?^^ 10 
£ £ « 85 £ S £ S £ ^ a c £ 

[0 0 3 2] ffififfiai«*j£lfSfeii>fc:, t°-y 

[0 0 3 3] ^n^tt-flWBbfefiffittS^ 5 2 5 L 20 
[0 0 3 4] ^fc^5fc®ttJ&gfcfct>fcJ&g®#l«l 

£#tfTfo< fco-essff, ffi#*frf scfctfSSff 

Sfo^SSo ^tt-#^fc2t£"Ct>#tfTH>< 30 
©«S^Vt5X^$s{u£l 0 3 fgtt 1 0 4 fgt 

^TSjfcT^ns © t*s d c n $ x*m & nr 

[0 0 3 5] 1 0 0 0*SS^tt 1 0 0 0 o*fe©Mi 

s«si*^-r^©TS5 9o 40 
[0036] ^^MmxtDMtmmz 1 o 7 c m 

~ 2 ordergfiT, ^©{ffi©gK^ltfe/cTO©MuS 
g (1 0 6 cm" 2 order) JcDfel 0flJJK-fc*:£t/\> 

S^o LDSSfcbT^JMtfffSfefetH:, WD 1 0 
6 cm" 2 order&rfX%>Z>CttfM£n2>o fitffc«k 

[0 0 3 7] ^©KStt^ 7 7 •fey r-ffi6frS&Sk°7 

6 0° ©ftg^ftLTTtaS^PSl 0T?£.5o 50 



#M2 003-165799 
20 

hmnLxmz^%ttsm % 7 7-tv mmm^ 
mLtz. <\m& l x ® < <d xmmcm^ Lmwm i 

0tM©f'$2„ t°7 Mfi®t^StlS^t6 0° (D 

mmcwn Lfct)<D xMiKDtm t%^rv% 0 mwk 

So ®«^Psat°7 hs*^ 6 o° <Dftm%Lrm$ 
m^m% 0 mamammimx^mxu 

[0 0 3 8] mkoMM,\i^ r )Ujt^X^ 0 ^fUitf 

7 hvftm\ ^^mt%{$mmm^(vx%% 

^CtX&Z, Ma©cfc9t77-fe7 ht°7 h^^^S 

S fflfeE s f : t m * <: t £ <fc o Tlsfu^S^^ * 

[0 0 3 9] ZOG a N7x/N^oT7x;N7n-feX 
*ff^G aN-LV?V7%$mmLrcM£s LD© 

Xb^7° (gftl) ^/t*7cSfsfiStg^3i:v^ 
^oTV^LD^7 7a^fc^£L*lttlff*?.*V\ 

^na s ti ^Ttf s t ^ 5 <: t \c %z> 0 

[0 0 4 0] G a N S«±tSff? tl%> LDf -y 7°©^t 
Stt-StStSeav^V M^ff|4 0 0)im, ft?6 
0 0 ^ mT^»tffM?tl^^l (X h^^y") ^ 
Rii"2- 3/xm^X600/xm/cfct^o 7X/\±£ 
4 0 0 /xmx 6 0 0 /x m©5Eff^±L D^rSjat^ fcV^ 
Ci:^#X.S 0 f»4 0 0 /tm^Ort 3 /im/clt 

fe©T£§*\ ft^a^77ft^tMn;t ? SDL^fea 

[0041] LDffl©ss*SBirra^fefc^ x>7 
fuS) ^ if c t-et « 5. ft^ t ^ ®-eas« 0 
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EH^^fe^narav^oTfSSo ^© <fc 5 tKflcs 

[0 0 4 2] JK±3S^c3^*5SWORSt?SSo t> 

9 -an d jg-r t <fc a & a 0 

[0 0 4 3] (1) 7 7 -fey hSfrS&Stfy htf^O 
Kfu*^gP^ 6 ©$k{u©^ ^ "^^©{ffigo 

( 2 ) 7 7 ■by Mgfrfb&SHy F ^©ftfu*£g[S© 

ffi«Al©M«o 

( 3 ) 7 7 7 F ffifr 6 S 3 t? y F ^©Mji*^© 10 
[0 0 4 4] ^©f^tA^M^fflfg^^bl^-r 

%tmmm£t^?>ctx&%t>\ GaN^ii 
&mt Lxmmmwm^nztfznMm v p 

MOCVDS, MOCS, IPt£^£2 0 tftfc 

[0 0 4 5] 1. HVPES 7W F^-f K&fflj&g 
?£ ; Hydride Vapor Phase Epitaxy) 20 

nh 3 x%% 0 *y F7*-;fs©£jE^©T73©+Hz 
^tss^ntJ^fiD^-htG a#jn£A«&b 

T*3< 0 S-CvfCjfeffX+HC 1 #X£PK£ft«T, £ 
fb^U7AG a C 1 ££$t£o CW^KC^ 
TTtf'N K U 7 F Ura&SftfcSlgfci&fcSo *«©£ 

^ijm^^+jy^-T^^mm^tiXio^ g a 

C 1 1 7y^7*TObT G a N££$Uq$i£ fttc 
SU<D_t\mMfZh%o Jg8#G &&Mretb*) G a 
c l fcfts 5 G a N fill \z.mm X 5 ^ 3 ipJjS 30 

[0 0 4 6] 2. MOCVDS (tl^SCVD ; Meta 
llorganic cheiical vapor deposition) 

Z^mvibZo 3-;!/ F7*-;F§J©OTFfc:j3^T, 
TMG (bU^^;l/^U7A) %£'©G a©t$^SII 
St, 7y^-7NH 3 (H 2 ) fcfct, 

MMLrcMifcmmzo fivvmmtLx^ 
jfMxmmi^j&ftz am Mas±t? tmg 40 

i7y^~7MSLT, GaN^^^ncn^M 

^mmm^m 0 c<DmmmmmtLx 

SH^ffSL <fc a tt^^M^^. C©7a?£«AM 

xr^mmmw^mm-z «a * t as „ t ? 
— o©r B majgs^t»^*K**^ftt^ ^ 5 g 

a N^)fML/cJi^c:^©^K« H B A^ 1 ^ c 
ft#ft^Sfr:*^^^*^^o 50 
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[0 0 4 7] 3. MOCffi M^MiSftWiJtft 
?£ ; Metal lorganic Chloride lethod) 

iTryt-rsffi^o mocvd&^s&ot 
*gtTMG t7y ; e-7^fr:^-&s©-ea*v\ * 
y F 7 * -;FS©HJE^ TMG^HCl (^ft/Kit) 

ffz*R]&£#-'g.G a c 1 ^^-rs 0 cti&mw 
mvmmznrcMmrMtiT® < 0 7y^~7«s 

£U3fc^5fcj£t>&3o LfrU MOCVDJcD&jg 
[0 0 4 8] 4. #¥r£ 

nttztox&z, Btfom^xmfoGaNtmm 

[0 0 4 9] Wd&Mifimzo^Tmit&c £©£? 

x^tt\i\ sat*^ mmztixitm'mmm 

^x*mnmm*i&^?><DXMti<Dmmmfct 

^ft^-r fim 3 -om 5 t © 1 4 0$ 5 1 © m % „ 
4 c x\mm%o mt^xwrn 

[0050] isnffit, m^Mivm^mhxh^-o 

(hkmn) <fc 5 tSffiSffi 0 Sffido h, k, 

m, niHH (l^a;7-}|i) Mff^fftT 
J'Vr, fl^jlllfli/jf.Vc/.Mi-i/LW* • 1 ^f'ii-jT • h km 

n) t^)J;)tSl«, IgU^fic^ffigiia, Si 
fSSHO^oT, <hkmn>igl«„ ig H H B 73fu 
©ffl^JgllttftfS^ □ m^X, [hkmn] 

i^tsai*So ^uffiM^fe^igUffit, ism 

tt*5TfS 0 ^>£D (hkmn) tltxt^73"|nl^ [k 
hmn] X&Zo 

[0051] zvts&ffmtzmffifc ^xmn% 

6 ©soffit* c^fssa t j; o rsa? n 

mmiwmn%(Dx, h, k, m^igstxti^^ 
%mmm m<D^<Dx^ 0 wui«nii 
»#© t, c ne. © 3 -Dnm&t mmm^ 
h\ msmnx ihkmni t^o mmit—oomi 
m (hkmn) t)^mLx±x<D^mmm^ 
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[0 0 5 2] G a NflgHUi 3 IHftlMttf&So TcfrS 
(hkmn) , (kmhn) , (mhkn) , (hmk 
n) , (khmn) , (mkhn) W^fiSfgEg {h km 
n} ttSn^600»JKS«„ $£«3ggS {h 
kmn} , {kmhn} , {mhkn} , {hmk 
n} , {khmn} , {mkhn} © 6"Qtt^fiDSg 

-??&^©-?, Mt-7^t7©^§£{tf£c£fcf 

3 o f£ LffiffiSt© t a n y v fcol j- ft t^fr 5 ffilsS 

[0 0 5 3] G a N B 7n73 b b b^T? 3 HBtfM£©£ S 3 O 
©Wtf&3o ^©ft©ro£a$i, bttfcl^o 3lfig 

SDabdWl 2 0g©^L^^fttT^t6tl« o 

f-ne 3ifi^tyffi}ca$t«w^c$^^« 0 cttii 

7n73^ fc*3t^Tffi#©ffiT& D > a b d $^©ft$tt 

*&rtto\ ig^ffitv^©a^-©^^^^cs^ 20 
tffiftiscM^*?, is^ffi©^^, is 

Tfjo 7cft©}MT& «o oSt)a«a/h«, 
bH&fcb/kT?^ dtt^d/m^iUD, ctt^c/ 
nt:^^t^©ffij|^ (hkmn) tmtZo 
[0 0 5 4] £frSffi^*MSWS2g#Wa®"CS 
D, I©tt'Mt*(JT*$S„ iBS^ffi [hkmn] 
a® (khmn) fc*£t&73^ LT^g^nSo 4 
o©^i£©ftM©3o©^&h, k, mtiSui-eft^o 

h, k, m(i-Mit?$3* ( , ^©FsltajlW^ 

h + k + m= 0 ft^ tfig D 4-3 T^£. 
[0 0 5 5] G a NC^figlft&ffltf 3 0#frf S„ 

-ohck-$^„ cna (0001) ffitv^cfc^t 

MD©3 0^ft^fe'O„ •OSD 1 2 OgWIllKtio 40 

x^ticm^^mmm^'Oo na©a«©±tc 

)„ G a A saSW77^-ta«©±t^rnxtffig 

MWWtO »o • 0 0 (.) 1 1 [flit 1 0 0 0 - 1 

[0 0 5 6] 2#ffl©ftgA$S:®fciMffifc^5o 
IPHt^^o ftj»3tt (a, b, d) ©^^-0©IS 

feSo ^S^S {1-1 00} , {0 1-10}, {- 50 
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10 10}, {-1100}, {0-110}, {10 
- 1 0} JfHHgrj^g (1-10 0), (01-10), 

(-1010), (-1100), (0-110), 
(10-10) aHia^tia«cj:^tg„ a 

Ltl/^o gftSffifclSWi: 6 0fi©ftfi^ftfo 9 0 
fi©ftfil?&<T6 0&V&Z>Ctlc&nt^l:& 

[0 0 5 7] 3#gt«^ffiaAffitl^o *fffc3 
(a, b, d) ©^2$ft©M^£StfcffttTOS 
STfeSo SfSSS {2-1-10}, {-12-1 
0} , {-1-120}, {-2110}, {1-21 
0} , (1 1-2 0} f\ ffifflWl (2-1-1 0) , 

(-12-10), (-1-120), (-211 
0) , (1-2 10), (1 1 -2 0) ftttctoTS 
ST#S 0 ±!B©S?OT {-} a^{ffiftfe©^««t 
fflS'JSii (-) BBUfiDSfc^fo 

[0 0 5 8] GaNS6@»KS^^6, ±©flgij 

©ffiaro©a^©ffi^^to ^n^ncfig'jffias^ 

■pSSo c©ffi£Affifc^?©M$r££;g 0 -(MfiJftS 
l§&£fco£fi< 2-1-10 >a, AStitStS^ 

mmmkzt-DMiK 1 - 1 0 o>&ymmxt% 

J;5tGaNa30©»j;l Cffi, Affi, Mffi£ 
[0 0 5 9] &K&T<&77fry hffi£t^©«, A 

ffi^Mffi^ c la* |pj£'> ua^/c ®-e«ifi!c?nSo /£ 

frbflM, AffifrbM£L/c7 7-t?7 h {2-1-1 
1} , (2-1-1 2} *f\ Mffi^e,M4Lfc7 7-fe7 
h { 1 - 1 0 1 } , {1-10 2} &H"££3 0 #{ffi© 

6ffi^^ur t° 7 h *mm%o 6 ftiis© t° 7 h t 

l/^Ott, Affi^SM4L/c7 7-fe7 h {2-1-1 
1} , {2-1-12} Mffi^5»M4L/c 
77-b7 h {1 -1 0 1} , (1 - 1 0 2} frSftSfc 
©T^^o AffifcMffi©6 0g©ftg^ftLT6^#ft 

^^e»^cfto/c^«7\ftit«©h°7 htft^o * 
©ffit 1 2^ii«©t o 7 hfeffM^ti^^, ^na, a 

ffi77-fe7h {2-1-1 1} , {2-1-12} tU 
ffi7 7-fe 7 h { 1 - 1 0 1 } , {1-102} 

[0060]4#B©mna±fH©77-fe7h^ai 
^2 fcftoT^So ^©^9ftffiffi®i(©fe©^ffiat 
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{2-1-10} fccttfcftl/T^USfrSi: {2-1 
-11} ®t%S 0 ZZimVZt {2-1-12} t 
4#@©Jtl(n©fit^^fc cW^-TS^ 
&^<%S 0 ^SD7_K¥t}fi^<o ntO^T^tUX 
±©^©«)7 7b7 hffi£Wj^Sctfc£S 

[0 0 6 1 ] tItr|Mte©7 7b7 ht^fi^ffl 
T<S 0 Vyh&m&t&yyliyhtZtiZmw 

my v t^? 2mm<v7 7tiy hi?mt% 0 iam io 

9 c Ifi73 ft© 5 n C £ TfeS 0 

[0 0 6 2] H#h°7 vm^Wr^yr^y hit 
{11-2 2}, {l-i 0 1} TS^tfiSS^o 
afMt^aT, cfftft^cTStf^rSt, il-1 
0 1} ffi©Cffi}C*ftSMtfttt, tan"' (3 
1/2 a/2c)t?SSo {1 1 -2 2} ®©Cffitft 

tan" 1 (a/c) T'£S 0 
[00 6 3] <3:DSV^77-b7 ht^? t {1 1 -2 20 
3} , {1-10 2}, {11-2 4}, {1-10 
3( ft^niittt^tOSV^. (l-10n) (n^ 
2) ©CSfcftTSfgtlit a n"' (3 1/2 a/2 
c n) Tt$>& 0 ntf2<fct>*£(/^C0fitB;n=lfiD# 
<fcD/NS<fc3o {1 1 — 2 n} (n^3)ffi©Cffifc 
StSSt^tt, tan"' (2 a/nc) "PSSo n 

So ^Scoi^aiS^nOtosa^y-fey bfc 

[0 0 6 4] G a N&7n73h b b ^T£ D 7^7g£ST<g 30 
So IE7W©6M/5^L^G aH^#fi-rS|£B 

jm t NgiWftf stWbIs t , ^© 7 > l± 

t 30© G a M^ftfe&t S tpHffi t ^«±t 3 'OWN 
SiWft-f S±W B »£S 0 3 IHtt$iftH;£Stf, 

[0 0 6 5] T«a«tLT-9-77^-¥, Si, G a A 
s^l^m^o ^77^ (o-A 1 2 0 3 ) ti;H# 
H^TSS^, *«^S<T^0MM^\ 40 
>r«fc^o *«»^©T«t^o 

[0066] si tt7A^sst?a < iL^m& d 

3®i(tj:oTffi73fu (khm) £^CfBj£T>tSo 

3 M^^T-itiM©^ i^wma < , k + h 
ot?sSo ^0^t*«Mfti5©73^i?sSo ^-na 

(111) ffitftHtSo ffif©S ifWXOl^ (0 

o i) ffi^fsB^, LL-ea 
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[0 0 6 7] G a A s & /^H^Tft < <0 
r4#iSi£ (Z n S ; Zinc Blende) S 0 fcfrS 

t!B3£T*i?s 0 =0^ifia^iS©73^^sSo *n 

tt (1 1 1) ffifcfrtfSo IfCGaAsf/WX©! 

£f»[»^ (ooi) ffi^fs^^, *-n&Hin*f 

ftftfi^\ C CT«H@ttfttf&g£fr£ G a A s © 
Jg^fc (111) ffi^fiBo GaAsSM$aW4^ 

»CffiS (1 1 1) ffit, GaWgPtffiS (1 1 

i) ffi-psso &g#snfc? din As®i*\ 

(1 1 1 ) G affit^HoTggiJfSo 
[0 0 6 8] 

M£M£tS/ci6©#Ig] ¥±HSCffi^«fWr, 
77^7 hffi£&8L&tf£G aNMS^t^cit 
<fc o Tfiftfc tf 7 h D ©f ^£ffi$K{u 

ft£ * S ©tOU L fc£ r£«JI*& © "PS S 
tf, 3o©ISSft%SC£;&I^L 

fCo 

[0 0 6 9] (1) hSfrSasev htftfc© 

[00 7 0] (2) 77^7 hSfrSaStfv hff&O 
M4*^©ffitt^PS£ffI£€S c to 
[0 0 7 1 ] (3) 7 7-b7 htf»*© 

m&&m®Mzmt& c to 
[0072] ^-fntiBftfflitaiiji-pa&So ^ns© 

( 1 ) , ( 2 ) ttSfcEfcfctfS tf 7 h T©(gffi©^* 
^•To G a NiSH 1 2 © 7*. 7 H6* 

e,&st°7 h 1 4W^„ tf7 m wffiia 

ffil 7^Cffi73^]tj5)c*tSfc7 7-{r7 h®l fe±#L 
Isful 5^fc°7M 4©j£t}gSS 0 S3 (2) t^f 
<fc d ^n«$Kfu^ 1 5 ^-BWfc t° 7 h jgt £S /c 

[0 0 7 3] 77^27 hffifrS&Stfy hgPtfc'^T, 
7 7 -fe 7 h®T-«lE{u©fz« ^©H73ft^f TO LK^ 

< omm \l 7 h *?$k\cm>x < s ^, ^ ©k^©^ 

So 

[0 0 7 4] *%BM©73r£«, 7 7-t7 hj£g©fc!y 
h L/c S Sjtft tS©^f TO LT, < 

#ftt«« t°7 h^*t^?^S©TSS^, 

asg©Mi©*^^ir/cS:rnm^4fSo 
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[0 0 7 5] l^Cfc^T, ji^frtD^-tf-yW h 
LfrL-0©77-fe7 hffifcJcoTjf^tlTil^L/c 

itm^^m d ©g^fgf«-r s t ^ ■? m 

[oo7 6] ifrimmmimm^mm, mm io 
^LT<ns©^sn^^©TssMi^-e& 

fC##5n3o WiHSLTfeCSCfr?^©!!* 
£#^S ^^©Mu^fl^S tfefuPsM^ 

[0 0 7 7] ^©X^«L/cfe««u-?feSo 

xv©7^c^-©f5{4 (mm) vmtztxuv 

So ^©7c&}cx^^-£{gT2#&<M^&oT^ 

<Dx\m% a 

[0 0 7 8] ?tl£K7 h^f*LTMu$^fttlfc 

£*fc>T«>< fc^5tfct>S35o tftffffilK® (l) 

[0 0 7 9] Sffl:ioT(i, 77-fevhfr5a« 
tf 7 f - tftfc'V ?sfi^*£ l/C ft < IS* 5 $ 6 0 S 30 

SCtfcS^o Hi (b) ©ffil^Pfil 0<DCtX& 

So iintwe oa©ftg^fcoT*^s/ci6T' 
sso nn^mmm^trcw^ mm±icBM' 
m^m^x^t, mtmM£m\oimm^ 

ftfe©frs 0 

[0 0 8 0] mm^-y Y&GftLVy hff*SHfcL 

[00 8 1] £5^7 7^7 h©^f£{u«^ gM 
Ilf<tft^/cSS^S^5»«iJTSSo t°7 Mu« 

/UX^ffStS^©^ftftSo r>WX© B n n |t $ 

[0 0 8 2] Ctl5»©iSS^?^S/ci6ta, 7 7-t 
7 HffifrSfcS t°7 LT$fi£#Mu£t°7 h 
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LS^^^LW? B iKt«fa^? (03 

(2) ©$k{u^1 5) o 

[0 0 8 3] i^g^©Mugfe feffi©it^fc&L 
[0 0 8 4] feLfeMi©fflMWSS^at»«^ 

m^/c Dit^wc d -eta®-?, tmmi^ffc <o 

[0085] $s{i©fftri • mmmmt Lxmm^ 
?znt>%mx&% 0 mmm, m^icmicm 

mmz^^o tLTto $s B B B ew&£'©^£»«c 

<fc 5 tbfcO^o ^tltf#^©!§ 1 ©ItM*«1 

[0 0 8 6] *^B|ti, ff/ctlgHeW^D, 
W'/MOffl U <]: 5 1 1 S ©"PS S o H 4 a ®* L 
fe©TSSo G aNlS H B B 2 2t«7 7-b7 hffi2 6£t 

tst°7 h2 4W?nt^s„ j&mtt&icmmz 

7 7 -b 7 h® £ft L T C ffi t TO t £Il L kJ 7 h 2 4 © 
®g|52 9t^cS 0 ^©ff©lKfu©lft73^a^ft73^I 
(ctt^lfij) tfljT?*5 0 t°7hggP2 9t^^T^ 

«2 5^MtH©Mu^w-rSo tmmmLrcv&% 
[0087] -mm^nrcmm^mx^tic^ 

k /c^s^©«ttt«3^Tfe r^c/tj tV^ilt^ 

^li^KTSSo cn^^^ft&M«2 5?:ifSltSo 

[0088] ^ti-ea^lft-&li«2 5mmz&& 

h©^^etc$E(]i^ft^ts c t aKtji^/cSD -e 
SSo c©h°7h©^»c, MD©¥ig B B B tHftSig 

itSctm^Mfj ©¥ig B B B t lilt « Hign^ 
fmtikwfcftib, ^tv^mmmt^m^xib 

oTW^U 73fi^-gWtSgT^ftV^ig B B B t L 
Tfei^o ^t'tltLTfeMD©¥lg B B B a-1ift73fu^ 

t o t*3 d ffttfi5 B B B a©T$^^ 6, lilt 
s <fc 9 ftSigB B B f*^ t° 7 h tf ^gpt^-ra t ^tis m 
m<Dm^<Drm^Bnm % x t a a -rt?ss 0 scat 

[0 0 8 9] MftWttt, t°7 h^*gpt^ig B B B ii«^ 
mftZo M D ©¥ig B B B 1i« t , t° 7 h )g©Ri >g^ v © 

^igB B B f!«©p^ ignewK^^fSo ^©snew 

1 , «*mtf5o &ft£i££-fi:£tf 
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/c, mmm, mimmm^ tt^ctifx^ 

[0 0 9 0] *<oi.5ic#m&, Mtiv^y? ®^ 
JAW ^^«©^©$ 

iMlf-»S^« c fcff S t£ 7 h 

£o 10 

[0091] i£%\mwtwis&'t, cvk^mmc 
mm • mmt Lxwmmmi., zmmzt> 

m^nmm lx & ^ti^i«#ig H s H m&mtt 
w&%> t ot?snar, scis^ie^ k « ^ e> 

ig^uWK«i£D^«-H^mi:*«o c 
l«rsLft, fiP^G affiiSfgffi^KL/LKKlt 
fct^SKWJf, CC-eMfefflta, GaNlg 
^©FiTS©ul«t*3^T, ^nJ^©M«£G aNfgH 
©<0 0 0 1 >fitt\<Dfr1f 1 8 0° &3teU Utt (pola 20 
rity) ft^lSLT^SfcCTSSo G a N|£ a B B CD (0 0 
0 1) Mils Sffi^G aJTfffifcfcoT^Stf, (00 
0-1) ffia, S^g^ffifcaoTI/^o 
[0 0 9 2] ftlBS-pS-aT, {ffi©Hffigc©¥iS 

• wwm t % % c t &t> ^ tc 0 o $ o t° 7 

h < litSot, 

[0093] a. &&m% 

b. ji Design tMitm^m^mm 30 

c . m d mm^tmm-x&%^mmmxm 

[0094] x&m, ^n^fffitja^fifMi 
nmmm& m^xmmrcm^th^ n 
ntvsfr^ riBusn^RiS*^i«j t^'ct 

[0 0 9 5] F4CSn^lSB^^iStfH:^T?*Sfr 

7^7 hjtftt*5^T7 7-fe7 hffi©^t?SSk:y h 
[0 0 9 6] H=S + K 

[0 0 9 7] K = A, B, ttcitC 50 
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[0 0 9 8] tV^CiTSSc KttlSSe^**^ 

£t>^ 77-t7 hjSfttfc'^Tb°7 hCJggMjt? 
H«^T?J^„ H 0) tfi t tf 

%nmxim<, mm 
mMk-smnvmnzs icmmmm • mm 
mzo k t s (DmicMmmm • t»{i«££o 

[0 0 9 9] (#M2 0 0 1 - 1 0 2 3 

0 7^) fc33t^T«t:°7 hffgtfc^tSfiDMt^fcffi 

Lr^tmmmm^mmn t ^ c t-e t a *^«> 
h^wt t « 1 1 >o m&ftfr o /c c £ £ us* # 

[oioo] su^ifcas^ rai7<PM^«H© 
ttm%® e. t <fc ^ t^^-x. s c t # t? § na - 

t°7 hCDffilitSl^T^SSiV^CttftSo en 

£So 

[0 10 1] lil^PM^|iiH^i6«^att|¥ 

[o i 0 2] fcbfcfflffifcHB*^«Hffft£3i:, e: 
6, ftocffijSft-r^g^Hc^Tfg^g* (t°7h) 

fe-377t7 hiSTflSnSo Jtftfc«t7 7-fe7hffi 
S C t ft < 7 7 -b 7 h Jilcft © PbM 5 nS ^ 5 \L 7 h t 

t>%.%m<Di§L\ J ^m<D-'Dx%)% a 

[o i o 3] fe9-o©r««^ig«^©^*- 

Xk1f&%>o tf7 htt7 5"by hffi^Saa^ 

77-^7 h®*^?n , fr< (H5 (b) © (3) t 

^t) , ftg©^77-fey hffi^t°7 h©g£M2 
nra©77-t7 hffiSJit^o cn^lfy h^ES* 
Bft^. S^7 7-t7 hffifct^TP4fl^M^fi« 
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H#£$sn*o n»rmt%t>\ mmmmm 

#Htf, MQKftLXG aN£g B B B ©<0 0 0 1 >^(D 
fr&l 8 0° MKLfcctt^|Rl©MK*B*^aS^ 
£©Si«fif feigns 

[0 10 4] Pai^A^f^Mc^Tfc #© 
<fc 9 5»tl«o S©±lc^|g^!b^?nfe^ 

pai^*£fi«^£g B B B t * d , mm&mtw 
si t ggij? ns o ttwt asuew k *m-r a „ 

[0 10 5] L^Lr4il^Pfi*^«a^lS H B H {i'^Dl? 
ft<, ^ijg^©*&fesa 0 ¥$g B B B -<?<J&^JiB©Wi io 
Hg^tig H B B 73fu^|glt^o ffll©7^{i;^1ii?£ 

TS©fr?«aat°7 hJggPM^©fff4©7 7-fc7 h 

mmnmmmznzvx, mmmmmmm 
mm t l t & fi&c^ng^ap^ t ssn^ft # rait a © 
-esse is^wgiTO^ mmmmmmt 
mmmmvmmz mtm&m k s„ *s 
new k £ * -3 t mmmmvz s 
^ftsnp^u/'c^RSc^^ftSo *n#K8fcss*£ 20 

[0 1 0 6] C<D&5\C, H=S + K£fcSB!&fcRB* 

h srats*^^©^^ ©isna 

SKtj^ TIM? tiMVK^ft S ^g^fe tt^PtH 

tffitt^Pf aig H B H ew k t j; o t? 1 tint en*©^ 

[0 10 7] Sfctfy h4*{iffltfg$5&©fr5LD 30 
fcffcfcfctfciSttl (Xh^7) ^t°7htlftS 

c fc^SS ^©SMSft©^]!^ »S«it««^PS* 
£«o£D t 0 7 hWZZmz^bfttbZCtia; 
otKt'^o ^©j^ftt:°7 hftWH^retSi: 
Hit #2$mig *> tfflftf iJfi/c' t © 5 c t fe^ 

[0108] MtmrnvmrntMLfco *mt£. 

■o TtutB© 3 -0(Dmm& ( t° 7 h WCttt ^fefu, 

j&^rco ayic^mm^ ^mm^mmic-o^r x 40 

[0 10 9] 

M©llffi©M W£©flffi©M<:^Ti!K 

[0 110] 77-fe7 hffifr5&3t°7 h^tWc 

ft-rs <fc a tsftjffu 7 Afcjfcg^ p»M^Si 
nut ^mmmm^mmmwrn z t ©ttwffit? 
& sgnew k Mcwi, mmttz c t 
fa^t, rai^PM^ii«H©MH©¥ig B B B ffiMiii 50 
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ffig« z > WhWfttfef.tMrM \ i - i- - h £ '4 J - £ 

^ffiMu© G a Nfg B B B S«£f#^ £ ^ -5 t £ h \Z%>% 
(»S4 5) „ 

[0 111] g£©^ 77-b7 hffifr5ft«t:y 

fiiiH Wg»ftf£ <fc 5 tSfc^U 7A^Jtft? 
P«Mffi*^I«H ^©MH©¥£S B B B ffi$s{Mff 

fPiz i:^Wffit?£3$g B B B eWK t zomotts Z 

msMMH © mcm^i&Mmmm z t win 

lg B B B a«^f#3, t^otCZlC&Z (»I4 6) o 
[0 112] H^HIMStLTa, ig B B B jSftBfa)ji 
figffitfe^T, 7 7-t-y hffi^e>ft^H°7 h^ffM 

l, fttt'7 Mat rai^PfiS^as H £ffi£f L TSU 

ioT, ^®J3IH®¥IS B B B BP (¥ig B B B ffi$sfu*HY, 
5 (!I*II4 7) ©"PSSo 

[01 1 3] cns^^os^sg'psSo 7 7-t 
7 h^e»ftst°7 h^ng^sffit^g-rsi:!/^^-? 
a^+^sso t°7 ht^^T^cgtrai^PM^ 

[0114] rfl&ogp&j tv^ottr-Qt^jsn 
§0 t°7 h©Tt'^<g^t t°7 hc^tssgp^s 
§0 if 7 h t j; o T«t>nsgp^ <: c xmmmm 

m^\mi\tmm ms* ^ttiummx&i 
T^ L^t¥ig B B B -es^o 

[0115] fmmmm.mmu, m^mm 
Mi®, y ^#ig B B B fg$Kf]iiffii« z ^fg$zif]i¥ig B B B t -r 

SfcV^CfctSSo ^tiaiSHeW K S 

[0116] ^nximm<D^y vmmiom^? t 
v^ctx&%t)\ Wtr.-onmwtn^x^o - 
■01 J t 7 h © Si^M^Ka* &MiSH ^ffi^f « t © 0 

z.txm a MvY<»mcm ij 1 11 
tfx m. 7 h ^a wna' rai^PM^ii«H ^-e t 
t°7h£^T©g!ilM^ii«^So ^©^ 
•etf7 h©^jt^i^s^o hi?umim\,%>%x 

rsh\ t°7 h^SoTfe^©Ttrai^PM^1i«^ft 
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^ t© tSSo tf 7 h £ Pf £<: £ T?£ J; d 0 

[0117] ^mmmmvm mm 2 0 0 1 - 1 

0 2 3 0 7^) «t°7 h^&B^OgfffcLT^Sff 

t° 7 h ©ggpt a 6 0 ° ©^g^a-rs^RS^Utt^ 

[0 118] W^t°7 hCJgtOT^^^IS^H 

iwffr sun 7 h immmm mmmiz 

[0 119] t°7 — o©S*iJttxh°^>-wl/ 
^RS*^g«H'\fcffl§[-rSi:^ i 5«:i:-pSS 0 t°7 h 

ff) #t;s/c^Tfai^i*^«-\*igL*v\ *is 20 
Lmmmmm'pLK^o m^^yhiaz, mm 

[0120] ^tre&H? hrmswmsmzttz 

c <fc o T^©±^MII^r0*^ii^ 1 1° 7 h 

r«^l*^i«H t \L 7 h fc&M^ftfcffifUJlE t < £ 
[0 12 1] ^il^*^1««^ffi«*^S^Tfg 

ii^Pfi^iS«©fu«^a©jf at * o Tits t^feffi 

<fc 9 ^KWftMiJttJiigcJf atSHfSc-efeSo 40 

[0 12 2] r4fl^l*^1i«H^*^tj5^T|g* 

i¥L < pm«»$So mmm-smit 1 as 

mmmmm^mmmmmt^rco m^xt> 
f-j m m * (d *> (d % o pai«^ii«©aii£« 
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[0123] [1. ^g B B B «i^M^i«H (If* 

S4 8) ] &1ffi^fi*^1i«H^73fu©/^/^©^ig 
S t° 7 h *T«g B B B ffi$zKulfffi« Z ^©^{lOT 

i^s«^f£ B B B & e> * nmmm s d a „ m% 

[0 12 4] [2. |Sa^^fi©i|i$g B B B a)rai^*^ 
M«H (WI4 9) ] rai^PM^1i«H^MHa)j|i 
IS B B B i:|sa?»-/t^fi®¥IS B B B G a 1 M&,±(Dm 

{miimmm^m^tmimmMYte (000 

[0125] [3. <0 0 0 1 >£fr-&t573ffi©J£ 

i£ a B B «iii^Pf a ^M«H (w*S5o) ] raM* 
smmHftMmvmsMstK 0 0 0 1 >7£w-#st?*© 

ffi^«gaS-^73fi©#IS H B B G a N© 1 fi«±©*^ 

mmmmm^m^mmmmtt (000 
1) m*mm^tm^M% a mmmmm 
mtcmmm^w^cm «o 0 0 1 » twt 

fcl/^t)fiD"PSSo ■oSDcttHIDtlingbT^So M 

f^Kmrrf^^Wft: < i|iit[Vf) 0 (ci.-ife^^^ <^ tjii, 1 ;, 1 ,, 1 , 

[0126] [4. miwmbrcm^mmkm 
(mm 5 u mm 5 2) ] m^m^c 
mmicttiTmmmmmmHv c wtoj: 

T> ^©MDt<0 0 0 l>^|RlfiD»*«l 8 0° 1$e 
Stt^M$iLTV^J|iig B B B tSoTV^fe©^S 
So lilWa*&ii«Ha)c|fi^l 8 0° 
¥lg B B B g^«73f]ifc^I-tt;^So GaN^mm 
(00 0 1) ffiagffi^G ajg^ffitfto 

t^s*v (000-1) mtmmw^trs^x^ 

% 0 <fc^T, <0 0 0 1 >^©*^1 8 0° jMeU 
<0 0 0 1 >fifa<Dfrtf 18 0° jmLrc—O&jKDB 

gam? e> xt>&\ 

[0 12 7] [5. ffi«^lW^n«l«il^ 

is«h (n*s5 3) ] mmmm^mmmmmm 
B B B gP5> t a®K^BBt <fc o t(±«s tx/c 1 «±©ig B B B e 

X$>Z,o 
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[0128] [6. nmmmznrcmmmm 
nmu <»i5 4) ] rmkmmmmmmm 

X&% 0 

[0129] [ 7 . mtt&ffiVtffl 6 tl/c |ifH£ft©K 
[0 13 0] [8. IM^^^WcPWM^ 

mmn (fuse) ] mmmmmmmmm io 

t m^im m-xm mmmm^ <fc ti±« 
sn/c i &,±.<Dmmix&z> a 
[0131] [ 9 . »m l tc mmmmmm h 
(»i5 9) ] rai^r H A&fs«^MH©¥S H B H g^ 

[0132] ^^raii^rBi&M^is^fitMt 

rai^PM^is^^is^ (i) fiD«^K^ssoH: 20 
tft>^fiS^<aSo 77-fey hSfrsask:^ 

mmffiMtffitmwmx&mnzt^? c t& 

[0133] [10. km^mvikmxitwzftrc 
mmmmmmw (11*157) 1 rmmmsm 

um^kM^^, HMv^^VAtmVikWilck 30 

[0134] [11. mzsmvimx'&mnrc 
mmmMi¥MmH mm 5 8) 1 mmmmsm 
h &mmz^ mmm^mnmmm 

[0 13 5] [12. H^RS, ffitt^«lt«!A 
l*^iI«H (|«6 0) ] ^IW H *^fiI«Ha|g 
b b b^«#&, ^«Wb«, ®«^ISBt?feS^»K^Ril 
X&Z>C£tf$h\ £h^C£X%>%o 

[0 13 6] «±^W4fl^M^«<:^T§J 40 

WLrc 0 mcm^m(DMix&z,b\ tsmmom 

S«©±t A73B B B^©Sffc^U V^fgsl^JI^Sfr 

5, 3 0)r«©s^ctt73^itiSft?^t, naa 

KGa N©£g B B B73fu©)r«^^g(?^^ C £®X^ 
Lit^o fcbfcG a Nt#£giRi: -racist 

/c 5 c ifij^^cjtft t « # sass^s a e> 

[0 13 7]f©t&, 77-fey h®*^aSk!y h& 50 
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M^nmmmm-fr.nm£^ (mmm6 2) 0 g 

a N «7n73b b b?^£ D c ffiS^b D t |W|^©tg®®£ 6 O 

toti^ii^T'S^o «a^/^!f§t°y h^Mt 
So Hi «Cffifct??/ck°y h^H^fS^, 
© t° 7 h tt 6 ~D(7MfmZi>-Do ¥t%ff}%i&mM* c 
«]^[«r^0K-ej^£^, : Lfrbmm (77-fey 
hffl) ^ffi&£^J;7fc^lM*fSo 

D (hkmn) ffi©M© 30©^$[h, k, m^Atlgl 

"PS So 

[0 1 3 8] 7 7fey hffi^ffiffiSa-ISt (k k-2 
knl (k, nttSS) Ik-kOnl fcV»5<fc5fc 
SIIT^S (!I*II6 4) „ Ctie>2fiHa»W? 
tl6 0° c^c^ftL, rffia)Ma3 0° 
to ^3 0° fJ&©M»?tSo 2 

[0 13 9] ^©^Ttgfc*ffitS77-b7 mit, 
II 1-22} {1-101} ffi^&S (!f*g6 

5) o ^nfr-#;£tf^Aaai#?£su wffi 
m-t^£W^^%mfx^o {11-21} ffitffi 

[0 14 0] SS>£77-fey hffifr5&St°y M 

&s (!i*ii6 3) o ctimmi {ii-2 2}, 

{1 1 -2 1} fcfr {1 -1 0 1} , {1-1 0 2} ^ 

? <fc ^ t c mm. n ^sas t s t c t 

^ M?4wigo/j^i|i^c:<S <n/jVv^iv'j) .. {tfi,?{ 

[oi4i] ?mmmmH£m^mm7 7ii 

7 KD^to^TxE^So rai^M^H«Ht77 
•fey hffi^ffiflSt-SCll^CSSC ttfftfrofzo 
77-fey hffijb^ast! y Mgtarai^PM^1S«H 
*^So lll^*^1i«Ha, h°y h©77-feyh® 
ttWi^LUftSffi^ttS (11*116 6) o 5fe 

«fc ^ 1 1° y h ^fig f S Ag^ v © 7 7 -fe y h fficffi 
J||S[a {11-22} t {1-101} Tr-SSo 
[0 14 2] tC5^rai^PM^1i«©HgP (t°y h 
®) tt77fey h©ftIf«D^MtMtftoT^S 

(!I*jS6 7) o mmms w (3) t^^Trg 

5Z£1£frt>* {11-24}, {11-25}, {1 
1-26}, {1-102}, (1-1 04} ftHtftH 
SL^tl^ t° y h)g©ftlf4ffifc fto T^S t ^ C £ X 
£S (f|sf<®6 7) o 77-fey hffi^P.*Stfy hjgt 

^ < mwwmmn h a, ¥£g B B Bffi$E(iiffii« z ^ 

#Ipb b fSMu^lS^ Y i: a, < 0 0 0 1 >^(D^if 1 

8 0° ikl, mm^sMLXh^^icmmmmn 
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8) o ccd^s, mfto&Q'bz^mxm, 

{1 1-2-4} , {11-2-5}, {1 1-2- 
6} , {1-1 0-2} , {1-1 0-3} , {1-1 
0-4} s^SftS (11*116 9) o Zfttfj&mtt&lC 

%%(DX$)Z> 0 7 7*7 b&ic^m 

mmmmmmmt, \> 7 h aitw 7 * 7 h 
m£<9m&<Dm^nm$immn% (mmi 10 

0) o c(Dim&, mcrmmmmmHifmm 

HSMiffi&iKO 0 0 1 >#ft0#tf 18 0° llfeU s 
tt^fife L T ^ 3 ^ t S^g tfSft 5 ft* (f|5j<il 7 

1) o t°7 hg©fif4ffi©ftit^isi^i^)«aas* 
[0143] 77*7 hSfrsast:? hjgt&^it 

2) o CCT^iV^caH^i^K-t^tttl^ 

% 0 mMtmi ' nnhvi^h^m^mm.'Kvm 20 

I^Sfr 5 G a N8«£$4ft£|q|fcl§fflLTfc»fffifcB! 
ffi^HB*^l«H*«tHT < S»*#ffi^ ^-5 fluffs 

So 

[0 14 4] ©r«MIW 0 *^iiH«Stt< 
[0 14 5] h°7 MSt-t?t5^il^Pfi*^fi«Htt, 

1 /im~2 0 0 iim<Dfe&%U&LX&Mt<#&C tft 30 
*^iI«H©[I@£l |im~2 0 O/imfcl/tJ&gS'fc 

[0 14 6] 77*7 h«t°7 hCD*@*VJ^|,^ 

a, ?mmmnmH<?Mm>^^M^v\ 77 
•t7 h«t°7 hcag^tv^tt, mmmmmi 
Muomitkzowx^ ■mms^xa, /mo 
^xmrnmrn^mmmnff 1 n m&nmm m 
\mm) m*), ^^xmrnrnwrnmrn 40 

LXmm 0 0 nm%Xifm^X&%t^^t\% 0 
[0 14 7] 77*7 hffifrfcaSl^ 

m^mmnmm mm) mmftm&z (n* 

117 4) o £tl&, &1ffi^PS*^1S«H^jgft-rSt'0 
tu x^;l/^-egt © 
HffifrS, 7 7*7 h^fcJSUTSJ8fcffi*£fig«ff 

[oi4 8] ^tioTarai^r B *&fi«©ff^ 

(mm *TOtas«^t>st)5a (n*S7 

5) : rai^r H «&fi«H(/j^ H B B e©e?g^^v^ 50 
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£*f\ p«APM^fi«©ii»Ai? ra^sfffi 

[0 14 9] -7377*7 hSfrS&aify 

ffi£mmc&zztt>&z (W175) o 
[0150] ^mm^mmif cmmxtb^ 
mmm^m(Dmmxte7 7tiy mfrttz 
\l 7 h mm^wmw, m^m tt&ic^vvm 

m^m^mm^cDmcBx^t^ c t t&a (m 

6) o 

[01 51] ZfcZtDm, 77*7 h®^sa*t:y h 

fu£ffi«Y, ¥lgHffi$sfulfftiaZ) t0)tiWt*5^ 
T , iitiViVn'nli:^ I'j-lf 1 V« ,'t»f I I '\|.'<|*» vTClftifc 

a^^T^g^g^fsfMset^ *~XLm< (w 

*«7 7) o 

[0 15 2] CfiDfiffi*tftfiD>l*-XAH:C®^6^ 
7x77*7 hffiiDa§t°7 HC&'^T, 77*7 hffi 
i; fe tfcffitf C ffifc ffit tf 7 h fMVMRlfr o 

mz, Yxmmmmi&m^^t^') ctx%% 

(H*S7 8) o ®mmi<D (a) (b) T77*7 

hm&m<D£?icm%imMLx®<frp>mimk 
ns ± ? c s t w t F*g iri t tiff t a «fc 5 

m<D rmmm smm h t drux* ns 0 02^77*7 

[0 15 3] ^m^Ktfe^TfeJi<&tl/c$K»> 

^is«^fe*-r\ hi (b) 
0 0 Kfua^Hi^+^s o /co 

[01 5 4] m3tt9tMvW^MivMW}%^Ttf, 

t°7 h«)gtrai^i*^ii«^a^o /c^ eMail 

tf-T S *WSC L Tfe D nVKtf ^ Rltbft t s a o ft^g 
[0155] H 4 fcj^T «fc 5 t tf 7 h fit rai 

mmmmwm h ©^msp^s a snew k t 

s ©ffi^t?fe s «^ t s s„ ^-r n t l t rai^PM 
^saaisiiew k t i o xm c e. nr* t> mm^x 
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y , m^immrmmm z T^mmmm^m 

[0 15 6] £T> ^^©gft^y^ASSCSjatfe 
^T»j5©#&£ H © <fc 9 tlffl 1-S ©fr fc^TlK 

[0157] mrnvm^smm^mmtL-ti^ 

h«IU t°7 ^*©J®«W B t&MfiH£t 

1-* &©£**©#» t ltc n^Mi'jiE l < sms io 

^T^mmtZ (11*117 9) o 

[0158] wmMmmmiEL<vy k mmk 
m%&mmmmzt^ ; o££v&&o 06 ct>) , 
H7, 08 (a) , (b) KEizmmi^Mmmmi 

[0 15 9] c<D&$K77fry hSfrSftDtftfcfcB! 

Sfcfc^ 7n@»[4 (lEHftff^M^HfitEKt 20 
3) s 00^14 GE73^£M^Mi:E«t3) , r 

s^tt (g^^M'^astEB-rs) ©3isi©^ 

ft £«fY o £ < 3 ^©/ W - y ^ RTfiifc ft§ 0 

[0 l 6 0] [1 . 7N0?«/^-y (08 (a) , 
(b) ) (f|*II8 0) ] zmm8\CKt£i\ t°7b 
fcWtfiVM 2ft&, 6^-?&£©-?Sffl^©E?iJ 

ULt^ (p = d) 0 08© (a) ttt:yf-©#|R|tfGa 
N£SH©<1 1 -2 OC^t^frT'feSo 08© 
(b) at:°77 t ©73^]^G aNigH«< 1-10 0>© 

[0 16 1] e©0fcfc^T^4>R©^©llA«l 
^PM^H«HTS3o ^©MH©fiA©gKjW7 h 

fcEBLT^t^uta^-^ffilt©^^?. 40 

v&% 0 Lfrhmt mmmm smmm 

vm%o cm^^mhtemm (ms&mmffim 
y) mmm % m<rj:umm^o tc^^mnmm 

[0162] [2. mmma^z-y (09 (a) , 
(b) ) (W^S8i) ] cmm9\c*tt>\ k°7h 
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7 h ft^Sl/^gftHf * ft 6 t° 7 h ©«g d & t° 7 f- p t 
«(£HL^ (p = d) o 09® (a) at°7-f©73|n]^ 
G a N|ph%©< 1 1—2 0>fc< 1 — 1 0 0>©73|n]t 
¥ffC&S 0 09® (b) ttt°7^®73^G aNlgH 
©<1 l-2 0>t<l-l 0 0>©7»*fL4 5 fi 

[o 1 6 3] zmicts^xm^m^mjimm 
d na^Btt#is B B B ffiMiiffii« z 

©ffifflfc* L T 3 „ P8T £ |WJ j l^ R © PfPal t -e 1 3 M 
1 <fc 7 t ¥ISHffi$sfi*M« Y j£ < ft 3 o C ffi 

G a Nf^WXf '^©WjEMtSS^ftHf 

fflSflcmn t s © a^isnffiigfu^fs^ y £ ^iSsiffi 

Z D , ^ll^MMiJlE L < £ < ft o 

tf 7 h © e 7 f-*^s« 1 n c^ff ff^ w x 
mtmtzz. twmmt> 
[oi6 4] [3. (0i o 

(a) , (b) ) (W*ii8 2) ] cnmi omt 

ff) M 7 f - p t SaiJ© M. 7 ^ q ^rESiJ Lft Itti^ft £ ft 

St" 7 h©agdSSt°7f-ptSg > #L^ (p = 
d) o 01 0© (a) a@t°7^p©73^G aNlgH 
©< 1 l-2 0>O»¥lTm 010© (b) 
im \L 7fp ©73^1^ G a Nig H E |©< 1-10 0 >©73 

[0 16 5] C©0tfe^T^ra©^©JIA*?4il 
^RB^^«H-eSSo ^©MH©fiA©g^t°7 h 

©js^ o ^i-jb^na icm^immmmim z 

©® U T v ^ o Pgf 3 IwfoR© BUS t -e t S w 

q £ p <fc D < t^oTMM© 2 D 
Sffiteffi3^l«YOffiBI*«j£< ft^o TJUZ?y7k. 
LTWmmVI* % © WgJ|{g$z;{li|« Y t ¥lg 
HffiMiUfflSS Z T-S t) , zmmiiE L < JS < ft o 
TV^^Sr>UXE«t^^SDH^©T>UX^ 
7>"a5E^S3^5»u©/^-y^||l/ctv^3o 

[oi6 6] ignjtft^cigniiffit, iggptrai^Pfi 
*^is«^t u 7 7 -fe 7 h®fr ?» ft ^ t: 7 h < m 

f|iJiEL<E^J^©^S3^ ^tx5»©b°7 hr B 1©HS 
©^SBgf ( t° 7-f p) It, 5 0/im-20 0 0(imf 
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&&<Dim£LV (11*118 3) o 
[0 16 7] $m<DT>WZ*Z<D±K.fm?&Cl:* 
f>WXOf 7 7©7v? S <fc D fc tf 7 Mf 7 f" 
*VJn$V^^V«1/\ 7c>S{g$Sfu¥£g B B B ©fc°7 h©k° 
7-f aUffi 5 0 /x mB!5S^2„ ^tl^TTttrVU 
X£SBi^©«U\ 

[0 16 8] S^tt°7 Mf7^©±PS&2000/xm 

o S £ D if 7 < &5 H 7 h OS* 
fe^t<ft« 0 WJgLTt°7 M% v W#2c^^7 h 

^js^ t m < mmm-ij^ < as^ si©** io 
o 0)im£iTws o ^nas^&a* tic 

$^tt"7^c njJLkTS o T & Wj^MuM^ t 
[0 16 9] [Mil^l*^TiIfelH«ffM^ra 7 7-fc 

7 hsfrsasifv h©^g»^£t£Wt^P6ii 

£1g«H©ffM7^C^Tl^£o 05 (a) , 
(b) tkJy Q^c-Ql/^TCfigg^to 

[0170] *mm^Mif&mic$5^T&, ^-xt& 20 

SE2 1 fcl>TtJ;^fiDH:Mft"PSSo UfrL*S©G 
a N¥lieS®EH:SS»«:«Bi"Ptav^6, SSWBfc 

* S ^tgpffifc »ftll*£fi$©a 2 3 *EB 

[0 1 7 1 ] fi 2 3«lfqI^WtMMiJiEL<a«Mc 30 
SBBSftSo ¥ffi0&06 (a) t^ffcfeD'PSSo 
LcT(iTili2 1 ©±tA@^i&5{uBk:fl2 

M^SMLTl^o G a N$g B B B 2 2£T«*2 1 i: 
l2 3O±t«« 0 G aN««2 3©±kMft 

(a) , (b) © (2) ©«fc5fc~Rf!ffi0±fcttAMllg 
B B B 2 2tff#T^«m i Fll2 7 (Cffi) tf-CtSo 

92 3©±ai±nw^t<^^6b o 7 h2 4 (mm) 40 

tft^o t°7h2 4«6^£^«1 

2 6*54S„ fi2 3©±fck°7 h2 4^t^ fc^ 

[0 17 2] £6fcG aN£g B B B 2 2 iftft 

^%^fl2 3©±fcfcG a Nfg B B B ©-fWiffli 
L»<„ u©g^at°7 h2 4©]g2 9t&£ 0 m 
1 1 1 tf 7 h 2 4 a±73^icrSo tf 7 h 2 4 ©}g 
2 9feg^t£g B B B ^*lLT^<o H5 (a) , (b) 
© (3) H?©J;^j;fl^to 50 
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[0 1 7 3] Jg2 9©T^5It?LTjift^£g B B B 2 5« 
^©{ft©^©!^ 2 fcttSMTSSo IS 2 9©Tfl 
2 3©±fc§/c£fK>©£g B B B 2 5£P4fflMffi*^iI«H 
fc"f^o &1ffi^PS*^1i«Ht^©ffi©£g B B B 2 2 t©t| 

fcnf^o ^SDfl2 3-rai^M^1i«H-)g2 9^ 
±T£i^„ fl 2 3©{u«©±73t^-f't°7 h©^*Jg 

*^t, atk°7 h®©r B ^rai^PM^ii«Hft©T- 

fe« (»I8 4) o 
[0 1 7 4] 77-fe7 h 2 6 ©*T©g^©£g B B B « 
B B H fifEfuKff1S«ZtS/c^o ¥±iffi2 7©*T©£g B B B 

m^mmmmYicm^o \l 7 h® 2 9 to^ 

Tara«9©Ji^S^o H5 (a) 1:-at:°7Mg2 9 
©W?4IJ:7yL'7 h 2 6 ©W?4t|.fJ CT*£'J |>>J 
fu©ffiT'SSo LfrLH5 (b) ©i§^\ t°7MS2 9 
<mm. 77-b7h26cfcD § ^ © t ft o 
(W#S8 5) o fgf4»^°7h®2 9a i 7 

OSD c|ft&|RlfiD®ffi»n^>L7vf <ft^T^«©-e 
77-fe7 hm2 (1 1-2 2) ItttZt* 
Wc^<Jg2 9(i (1 1-2 4) ©J;5t^i"etS 0 

[0175] [mmvBimm mmm-smo 

T«S«tG aN«^f»<©€T^5^©±tf^^Tfc 

[0176] m2 3&Q®mzmiiEL<&w?'*%"e 

[0 17 7] UaMffimtLXto, GaN©MLt 

(twc8 6) o m e?, a« 

So 

[0178] [awtmsai mmo%$) ] ts&s 
«©±t&«PM-&ii«fc t<?g^tsi©a^s 

^^;i/vX7^fSoT«l^H»t^m VX7^(S 

^ 7c EPBijsft h imm&%» mm < ^ > ^-r 

S c £ £ <fc o T\ a«^PS^1S«©fi«ISfi*^±t 

[0179] ffl^©a©ff^ara^ ^^aHt-ra 

(H*JS8 8) o &ftl&t\i^<DttBft 

k/w--y?Lmm, mmmmmt 1 n m 

~3 0 0/xmi;tS©*WSL^ hmJ^HX') 

^ !C j; o T ^ ©±!C 5icfi t S MH^PS* ptiS«H © 
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/im~3 0 0 /imggfc\6^0^fi0*£3fc J ?'fi!)J:$ 

[oi8o] ofii®@*m©ais] atc-ra^fc©^ 
[oisi]^. s i o 2 mm (mm9 o (^is h b h 

X« B B B fI) 

n. Si 3 N,II (11*119 0) (^fg H B H X« H B H 10 

ft) 

P t«l (f|5j<Il9 1) (M^ 

vmm (11*119 2) 
[oi8 2] m<Dimi3&2 (e?©s^) ] 
©±}cmmijie t < ia«t * c t ic x ^rmmmmmi 

mnmttZZk&'VZZ (W*II9 3) o GaN^IS 
%TtmU<D±.\cMMlE L < MWt 2 C t \z. <k o 

Trai^PM^ui^fiitsct^ts (ii*ii9 20 

4) o tftSG aNS J ?*'T«!®Eo±»«:EII«nsc 
<fc D > *©±1<:H;JSI 9 oftlBSaPi: liSft o fc^ffi 

[0 18 3] G &Nf&i'-V&%CD\Z ; tCD±.'\<DG aN<D 

5 fi?tt#ffi^5®?|i3U#ft®G aN 

^ s g a n £ a t's t\ h © <fc ? mnom^v t a 

[0 18 4] S^tt, IflfcloTH^&W&fcO 

[0185] mvmmd cgas«>££) 1 
mmtimm, e?t^e>^\, mmymsu 

40 

[0 18 6] G aNJX^CSaSM^G aNlfr&M 
WegMLTfltf^ (f|*S9 5) ©T$2„ 

t-0GaNXt°l (GaNA 7 77l) £if<$ft£ 

l£^£LTT«S«£SM2^©±fcG a N£Btf 

msm&m&mm* c t # a mm 9 

6) o 

[0187] Tsfias^gM-rscfctioTafc-ra 50 
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G aNA-y77l6U<:G aN£jtft2-££ 

oT^jfrcffsav SMfi®^ 

-V, Xt°*;K SiC, GaAsajf^Jffl^o 
[0 1 8 8] [flCffS^SH (G aNXt°l©±fc?f 
HWt£Jg£) ] |ittT«S®±titgtfil^!5 
frSfcfcllSS&^o THIOitG aNXt°l^jSft 

9 7) o OJDTtBS/G aN/fflfitl^Sjgi: 

[0189] [a©msa;5 (T«as©±tpi^ 

a B B , lp a B B »^lvX^^tlL, -7X^*7* hUV^ 

77^iao Tis^wfc mim-D mm*** mm 
mMGmiH<Dmt.t (mm 
s) „ "DZQTmfo/mmt^imt&Zo 
[oi9o] M©^ffl (0 5) ] mzmrcTMMM 

frt>X.V9*i/V>l/f8Mt&o LfrUI^G aNSM 
PIlttSflW&D, GaN©IS*l|t2o lit 

MALT<^©^a©±tfeG aN«ot(« 0 *n 

5G aN^^ISH-eSSCt (A) feg^o 
[0 19 1] |i©±tJi0©¥lg H H B WL^T?T, 

H«±^iii|g B B B ttSJi^feS^o ^©fct-efeMH© 
¥ig B B B i: ommmm&z (b) 0 sg^^^sas 

jWHt^SK-TS cttM. S/c< 0 0 0 1 >tt^« 

a^L/c^fu^H^^WSH t ^ -5 $» D)5o 
S«±t7?tS G a NWl^lil^iIiSHT^fr 

e. , ^ff ic x ? -cmmxm^m h ©#tji^«t g 
[0192] [ELovx^t mmmm^mmm^ 

i>t<J)\m\ (MWH) ] ELO (Epitaxial Lateral 
Overgrowth) fcV^Ott, MMiEL < /J^EHL/cV 
X^^TK«©±t^ij-/>»c:MjiL/cG a Nl^ 
Xt^^^^^Jtft?^ G aNl^VX^jf^^jSx. 
^tMu73^W?tftD G aNl^PJg^Crt 

m^h^o cnte^mnmmv&mmv 9 - 2 
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9 8 3 0 0^, 0-9 0 0 8^fct#V>Tfe 

[0 19 3] ELOVX?iZfflmm&£<Mn$M 

mm% < t, mm^mmnsE l < *°7*°7 t 
rii^tii^^ti^m^^ (iigKi>5o 
%) ts2„ cfi^<tti<mmibrci£Bnm>m 

mv\ c(D&xcmm^mmmmmmm io 

[0 19 4] L^Lffll^*^SHc#fe-rSo ELOV 
X ^ t fc'^T, /Jn^^/Jn^ < T/Jn^iJ« kf y f - & fflfr 

>5 0%) "PSSo 

[0 19 5] a^^-ya^D^^HI (»g : 1 f(.m 
~300|tm) ffl£<£fcr5fc (5 0/xm~2 0 0 0/x 

m) ^L/ccfc^^^-y^^o mmmm< 

mnffifflffiJRi^VMwz*; Gg8SPffii< 5 0 20 
%) -esse tctSfcjgR, >fj£*«saSo 

[0 19 6] fimS&SCTi^LTfci&e.&^o * 

[0197] wvt-yttmw (T«awssts 

flVEK SfigfSfcELOVX^l^ 

SeittHm»$tl/c#ST'SS 30 
(W*S9 9) o «^M6 (a) icfc'^T, T«* 
2 l<E>±£ig2 3£60^tKHbTl^\ 
fiSPl 9#83 0 ^©iSfigPl 9tEL07X^5it 

t>av\ s io 2 , s i N^&s^x^fwetSo 

VX7ffi6^^Hft5-0©m 7*HJ7^7^ 
[0 19 8] *0,fc5ft$^X?©f1UBttg!l4©t>© 

mm^Lxmm\mm\mt\m»h^ 0 a^x* 40 
©am vmmmmwmmmti^ 

m h urn, mt%(D mmmmwm 

[0199] [ELovx^t mmnmmimm^T, 
^t^imz m$m) ] eloyx^^ m^&m 
19 (H6 (a) ) \cmv%m<vmte^7>?B^ 
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2 3©ftV>3S8Bl 9 7cWcE LOVXxWtS©!? 

iSft^ff^^p/Tt <fc o TiBits c t tft^o *naw 

£L<&^fcV^*g^ fflJ6fcT«S«©±tE LO 
YX^WE LOjtftLTfiiWHSfuG aNl^D 

2gpg0fi£g£2#3£<fc^ (WIl 0 0) o T« 
S©±tG aN0)filv^7 7 7l^Jtft?^T^5»E L 
OVX^WTtil/\ ^©tlELOjift^ flV 

[0200] ±fH©^T-a, Sjfct, T«S«©±, 

j&^fclG aNA7 77ltft^TiIt©±£E LO 
VX^Mt^o cnttS iN^S i0 2 (DWm (1 
0 0 n m~ 2 0 0 n mgg) SlMLT < S ft < M^Tc 

G aN/N777l (8 0 nm~l 3 0 nm@g) %i&U 

[0201] ^©±tftj£©a/^-y£txtfSo en 
sawr? t «t v\ -yy-j x# *t ^© ? 

E L0fcttKffJ"C£3 0 fi/^-y^OG aNXtf^ 

7 hMc^ntf 7 h©^tarai^PM^«H^ 

nSo \L v h ©«ITO©Tfc Wf^ffifKfMft 

mmifxt^o t°7 htt° 7 h©raac®i£gi:ftD 

^©T«¥*£ a B B ffifKfiM§« Y fl«&£*ns o 2 ®n© 
G a NlBSttffiKfilCtaSo 

[0 2 0 2] [77-fe7 h®^6aSt:y hOfiffliCSJ 
W£] |/^-y§T«lt (TWCitGaN 
^777l^t/cfe©t ? fej:^) gBHL^©±tG a 

fcfcfctffctflKljlJLfco S6© (a) ©g/^-yt, 

(b) ©Ga Nj?i©ga«^ tt^tna* <fc < am-et 

So 

[0 2 0 3] *%H)§tt, T«S«©±t^i6t°7 
(DTctb(Dm&&mLZCD±frZ> G a N^SHjtft?^ 
T, a««PiTtftMct°7h^^^ (11*111 
01) 0 

[0204] mmat, w-y-y7LTz#m, 

ft»Ch°7h^^^ (»I10 2) ct^V 

t s o *ntt^ 5 - y ^ l /c^HK^ignsia© 
±tG a N^mz^%mtTMmm&mr>i& 

£-r s t° 7 h tfffM? n« ^ s -es s (fi*® i o 
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3) o 

[0205] atastoti^js, m\m, mmt^i 

ffiTCSD, #|g"eS-3Tt>lK?TfS-3Tt>a^ 0 X* 
S«t G a N/Vy77^©lg*^^a^D/cti: 

nsmtLm s io z i si mmicmmv 
%^ (mt<m 0 4) o mtLtmmzm^cth 

■e^©Xfr5>G &N*77tey Yj&mi^rZ,* 10 

m&<D±.\mif < s cfc a ft t° 7 h *me»$£ti 

3 (11*111 0 5) o 

[0206] f©fcJ6©«?j: bTasa^M©ae 

N^lg^Wu?, G a NW B »fei^ C t ffl* 
$3 (fl*IIl 0 6) o c©,fc5fc-Ftfl8«©±fc2IH 
W^IfWlEL < «£K«LT^©±£G a N£7 7 -fe 7 

vmz^z tmmic e y nssk s .t 3 ic^ 0 *. 

y hfifflfc^fc&toSCfctf-CfSo Uyhgtliffla 20 
KR8*£flg8H#SD, t 0 7h©Mf4ffi (77-fevh) 

©xt w#mgf5{4i{« z ^ o , t° 7 h 

C ffi^WigfSX a^lS^ffilEfu^lii Ym%<Dfc 
^S, a©|BWcj:oTCn?.3 0©^«H, Y, Z£ 
JIH!BfcIEL<4*Stfc#"effSo 
[0 2 0 7] fflSaifc^'J * A*K©Kig] 

g a a s m&Efcmfc#WLjf£mf&m-£#z%$ 
im-^±m<vMi-h v ^Lmm<?) t ? 30 

ffiWi^So/Co ftlCELO (Epitaxial Lateral 
Overgrowth) J&g0^&¥fflCffij&gT*&o;fc„ *n 

[0 2 0 8] LfrUM#?M (#P*12 0 0 1 -1 
0 2 3 0 7^) «77-t7 h$ftM6T^Lfco * 
^fe7 7-t 7 Mtfttto^TfiWfffit^S^iWa 

ft^iSHciiM^v^^ft^^^-rSo ^©i£ft 
73r£fe7 7-t7 m*mnL&ffz>m2#zt><D-v, 
•v t /cigncgffia 7 7 -t 7 h ffi^ 5 ft « t° 7 h m& 

[0209] /c^sw^o^aTSl^n/tSf^-'J 
7^a^-r»nitwjgLft^tia'fte»ftv\ itttta 

^xSB©rci6©7x^frSi:t^t«o Sttttax 
tLT«, x^xjjpx, W'ffiJAnX, ^7t°7^toXft 
HfcflJl^So *n££*U-£l/fc©tfW#Sl 0 8- 

wmm, wmm* 1 1 <t o T^s-rs^^sso 
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[0 2 10] JfWM, G a NigHjtfttfc'^T, pj?fi 

H(Dzst m^m k mmoxmm, mwm t l 
T^ijffl-r^c t ic& vmmmMst&Mmimmz, 

n^«ttiinxL/cfi, rogu ¥±ift«^ttsa« 
t-rs din o 8) o 

[0 2 1 1 ] gScWi, if-mm, G a NigHjtfttfc'^ 
T\ JtSWc77-fe7hffi^5»ft^b°7h^ffML, 

t°7 vm^mmmmmmmLxm^ m 

Pit, S»)Ti: LT^Jfflf 3 c tic <fc DMHWSUffi 
$sfiri#M« Z , Y ^ffilsfift u 

f#Sn/cGaN§gH«MtoXLm fflJgU ¥-±ift 
^Ifll^fi i /J'lU i ^ 'nlVkJUl o 9 ) .. 

[0 2 1 2] StttaX©73StLTa, x^xjjox, 

WiJIinx, v 7 tfy^irax© 5 ^$s^^ro«± 
©lOt^K (»Ii l o) o W^o)!*^ 

SOTttSEfcbT^ GaN, +^77^t, S i C, 
XH*;k GaAs, S lagoftiBSS^sci:^ 
t?f S (!l*ill 1 1) o 

[0 2 13] Sfc> «±ta^T^fcSjg^T\ Ga 

Nofa&f&mmtzmc, GaNHgs*j?<^* 
^yrf7htu §MIS^X7^xiinxt3ci:t 
<fc t) ^ft©lf b^f U 7 AIS H B B ^#S <: i: tf t s (« 
*si i 2) . sets, mc*m<Dffi;fc£\)ttf& 
itcG aNmumm^thT, zff)±icj$<mt% 

ssmmmm® z ^insnwu^isisi y ©±k a 

<Dmmmm^mmn<D±ic &7 7*vhm^%zv 
$?n, s/c, ais B B B «¥ig H B B ffi$Kfuiffii«z^i|iig 

B B B ffi$Efu^l«Y©Xta7 7-{r7 hffi^5»ft^b°7 h 
©f4ffi*3<fc0 : 7|<¥ft7 7-{r7 hffi^ffM^tx, ¥Ss B B ffi 

Muiffis« z$fc a¥ig B B B fg$Kf]i^ii« y ^figg-r 

S 0 ISL C©j:9taig B B B i;LT*^tj:SG aN 
|g B B j«rffl^Tj?< G aN|g B B B Jtft^ffiL/c^ MJi 

*II1 1 3, iMlfl 1 4) o 

[0214] mm<Dmit%v?i±s&} mmm 

SM, SBE&St <fc o TffS? Wtmt-ft V7L 

sMic-o^xm^&o mmw^mmvrcmmmh^ 

mmmmwm ■ wwicg a Na«^^t 0 c 
nacL (*y-F;v5*-feyx) t^snsfi^fffl 
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Bit Lxfttp wt<*LTc ^(Dxmmmxmwm 

[0 2 15] MMiJiEL</^-y^MA/??^So |W|jl»P3 
Sg^TSDSS ^n£»£g B B B eWKfre,ftS 0 |g 

newK tzs &zwmmmtmiL<DffitiL mm 

£T««i-«iE L < EB L « «I W B fl^f!« 10 
Hgf*WJiEL<E^JLTt,^o 

[0216] L.ay\mx\mwL^mmmLfc(})x^ 
7 H«?ftLft^La&ftt,\ ±T7^«ratt^ 

*5^T t° 7 h (Dffimr*& -i ftm-ett s 0 m 7 b til 

MiJftHmSLT^Sfr^ftLft^^lJgk: 

& s g^^wisnffifefiriff ®m z ft « s » 

[0217] J^s^ ffifsf4M« Z tt R« (+r ft , 20 

mmmmmM,mmmmx&z> 0 m&m 
mm® y mmimmmimm z ©iiasr?;& o 
cffi^gffittSo u^lc imxmm 
mmm ? xmmm tr^xmnzo 
[0218] mmvmtm^hwmt, mmmic 

mmmm cy, z) &t-rs (i*n) *>© 

[0 2 1 9] WiH + Y + ZJ^ftSS^ffiiH*-^ 30 
8U tf 7 h * t < TSft^We tf 7 h fc-ofc it 

[0220] *m<om{\:isvvLMtii&, a 
Mmicm^immmm a, z) *frsa*fia 

ft (H + Y + Z) ^-¥futLTli(©S*ffl|ift^5 

fts&c-ess (n^2) o «±^*^©#igB B B a 

[0 2 2 1 ] [Pai^*^i«H©|iS] cnSTIC 40 
^S 0 ^IgUT^SiitfeSD, Wi B B B T-<gSiI£fc 

&s 0 ¥ig^-efeMH©¥^ (y, z) tftg-fim 

gftS 0 gftS£t,^TfcHK§rt?TOfrft</\, MB* 
£g B B B i:<0 0 0 1 >lfi^atLT^®tt0Dt0KL 
/c*$g B B B ©C £ fc£So < 0 0 0 1 >tt*WLT^S 

[o 2 2 2] a. &&M,<om$ (mm3) mwwm 
^mmmm^x, m<om (z, y) mmm 50 
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[0 2 2 3] B. MH©¥ig^i:ig^ffi©Sft«¥ 

mm^mtm^mm? 1 {i«±©£g B B B efr5>fts 

Cii&SS (!I*II4) o 

[0224] mm.m-mmnt)\ mommt 

(K0001 >tt(D*^SfS^D©3lfi73^^Sft 

sisn^f^ 1 ffl«±® ignefr e-ftsct&ss (ti 

*g5) o 

[0 2 2 5] P^il^rH*^ii«H©ig B B B 73fu^, MB© 
m£^tte< 0 0 0 1 >lfi73p ? i]©$g B B B 73fu^ 18 0° 

tWetxfc < , < 0 0 0 1 >lfi73|nI®ig B B B 73fu^ 1 8 0 

° lift o rc-m&Lte>&MM.-c&? x & i v\ 

[0 2 2 6] ^©Ji^ai±||e||K^^i;LTW^ 
(0 0 0 1) Gaffit (0 0 0- 1) NWItftot 

t/^So g a mmmmn.if^<r)X\ [o o o 1 ] t 

[000-1] ffittfflgf So 

[0 2 2 7] PJIl^Pfa^^l^H^, MHC^UgSSPi: 

Cfcfc&S (ff*if 1 4) o 

[0 2 2 8] PJIl^PM^IigH^, JiHC^ig^i: 

mwmxi±mtix^%i§£t>&% (mm) 0 

[0 2 2 9] ga^RB*^|«H^ MHWSHg^ 
li«tt^BB*^ftt?tfc« s ^ S $ S (f|*S 
9) o 

[0230] c. m<Dm^m^mm-x% 
z^smmmM sm® h *v f§H«g B B B gp t isn^ 

^|pI-T'SS^^-efeS*V MH©i|i|g B B B gPfcaffi 
«WaWJje>nT!^SiI^fc£S (ft* 1 !! 0) o 

[0 2 3 1 ] PfTOrall&MislH^, MH©i?iig B B B g^ 
|g B B B 73f4^|5l--t:-<gSi|iig B B B -t;-£S^, MH©¥iS B B B gP 

t \tw^mm\tx\±m^ tir^s Ji^t s s m 
111), 

[0232] [p^ii^i»^ii« h a) mmm mm 

o)M^, ffi^PSAW^nsutfesSo ^-es 
signer k is«^Pfi©*^f*^s s c t 
fes d , s ^ffii^cRSx tmmmmfox& 

SCi:fcSSo 

[0 2 3 3] *^©Pai^lft^1i«Ha, MH©¥ 

m^mm (z, y) ta^d^tfc'^Tffi^'xK're 
f±we»n, ^aig B B B ^Pfi^?yig B B B ii« £ ft o t^s 

(H*®1 2) o 

[0234] sSciHi, W)5©pai^PM^1i«Ha, 

momsm® (z, y) ta^cJiw^tfei^is 
«^PS©*^fti?f±« e. rtgpaig B B B ^Pfi^^?yig B B B 

1S«tftoT^S (H5}<S1 3) o 
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[0235] mmmmmmmmncDzsic^ 

(mtmi 5) o 
[0 2 3 6] [mmmmmm h mm mmmm 

^W&WQMmi. 1 ii m~2 0 0 ji mX%>% (ff*S 1 

6) o ^twrn^um^^^xmrnmrn^^tifx 
[0237] sumicis^rmmmmimmn^v 

7 micfc&LT^%Ctm%o 5 /x m~ 

7 (f|5j<IIl 1 5) , f|itt2 0)im 10 

~7 0/im*WSL^ dill 7) o Kyhttfc^? 

[0 2 3 8] SSMfcfc^T, Mfl^^ft^ffiaH^ 
7ffefcX&% (!I*II1 8) L«g2„ 

[0 2 3 9] SSOTW^T, S£fcR6&£$«H# 
FW?&« (fl*IIl 9) Ctt>&% 0 

[0 2 4 0] SSOTW^T, M®^PS*^M«H^ 
(W*if2 0) 

[0 2 4 1 ] rai^^*^«H«ff^«, fi©^ 20 
[0 2 4 2] [fiffiffig©^] *^©ML#'J 7 A 

m z , mmmamm y t*3^T¥±§©iaK^ 
gwu sx i o 6 cm" 2 uyv^fc (mm 

1) 0 

[0 2 4 3] SSfcfBI*K MT«>< fc, llI^Pf H *^M 
«H©S^j£fg (¥ig H H H ffifEfuifffi^Z) ©3 0/im 
J^©^"?^ H3fefi^g© Wffit^ 1 x 1 0 7 c 

m" 2 ~3X 1 0 7 cm" 2 (DffiMffm&lZtlZCttj 1 30 

Mi^g©ffi^ i o 5 cm -2 jmrnxrvrnfffiz 

Wo fgl^C5T1i5X10 4 cm _Z ©M^feM?> 

[0244] ¥»usaa^ii^PM^ffi«H^e»gt 
ic irct>^ximt% t^s mt>mzn% m 

mt>^±xim < , ©$sfio3i5 ^ tf©8£# m 

[0 2 4 5] cn^fefiMtt, jg$»?E3KSt (TE 40 
m) , *y-F;V5*-feyx (CL) , Xyf-eyMB 

g (epd) iisaHtioTiwracfc^tSo 

[0 2 4 6] [*«©73fu] i; 3 fe{uffi«©$l 

m sft^u 7 A©jtft73^*K oooi >mx& 

acffi (0 0 0 1) X&%> 0 

[0 2 4 7] [fefu©®*^] Wj^fg^Sfctf 50 
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y 7 i,a«a, ¥%mmmh % c tt^T?*** 

Lfefutt t° 7 h fftofctJfr o X CffitTO \z&m?% 
S^iWI^TSo 77-fe7 hffiJ;D&£t:°7 use 
*bfM (Centripetal Function) tf£3 0 ^©><*- 

vfflttt cmmjxmmmMmmmcts^ 5 Mm 

ftft (Centripetal Distribution) £r"f& (!f*Il2 

8) o 

[0 2 4 8] [lil^ra»^1i«H©®ft73^]] 
©¥l£ H a H g{k^'J 7 AS«, ¥£»)iJt73^ c Ifi 

mx&%i§^ mmmM^mmmm^mx c us 

^kUKftil'T^tttS (11*112 9) o 

tf«fr5"CS3 0 /c^5¥fiftGaNSIS©Sffi^ (0 
00 1) ffi (Cffi) Mll^*^«Ha 
SKSffit^itt#ciTV^ (11*113 0) o 
[0 2 4 9] *^©IS H B B fi!cftaSffit7 7-fe7 h®^ 

e»*s h 7 h < ffM imn ikw $ €s © 
■eiHiS # & s o s ittWi'J tw* l T^mmm 

tt^T^S^ ^9tT^t/c¥ffittS« (0 0 

on ffl^ffl^-rssfk^u assess (mm 

3 1) o fe^5«l^fl*^«H^ig^S*S 

^ ^©g^/ctttt^is^t^^o s/c, rai^Pf* 
L/Ti/^s^t^ zeffijffiim (ooo-i) 

t&WGaitW l»M2 5, f|*I12 6) 0 % 

©ii^a, wig^r Lramxmmmmmmmcfs 
^xmm^, (ti*ii2 7) o en 

^ wig©^n^t?©|gi©/ci6TSst#^5»n 

[0250] mmmmmmnv^-y] mtc 

^~y*ccxm<9MLmmtz, a 

[0 2 5 1 ] ^m<DG aNlgUa, SffitSHtf^ti 

Hf s ^isnfgfefiiff ii« ztzmmz&z *sr B i 

T*fe S *«g^feffi^« Y t 6 ft « 
IfitLTl^o -W^fej:^^, en^MMiJiEL< 
^SE^J L/c fe © fe *%B)5© GaNii (f|*II 3 2 ) 

[0 2 5 2] r^^tMMiJiEL<E^JtS/^-ya 
4^£So 7. 6@*f$! (H8) , -f. 4@» (H 

9) ^ 7. 2 0Mft (Hi 0) , X. 3 0M$(F©4O^ 
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[0 2 5 3] [7. (08, H*®3 

3 , 34, 33 ■ iMi^m+rt+w+i tzvmm 
mmmmmm. z , y t ^ s&£a*ij»£-# 

•e&3 0 cmmmmm&z (»I3 3) 0 t°7 
icmthm^o mmyvimmztLrmw io 

[0 2 5 4] iE=ft^©a«7^[&]oSOS5§k 0 7f-p© 
»<l-lOO>MtMi^ti?t? (!f*S 
3 4 ; H8 (b) ) o tf7 MtgfcdfctSfclfy^fcJ: 
P = d t?&3 0 fSHBLfc £ SP^XPI§m^fiSH©B|iB 

h^JS<-et« 0 GaNC^WffiliMffi (1-100) 
■C&SstWlftfcfSfcO 1-2 0>T'$4 <1 1- 

2 O>7^«0»TL/e£t, k:yhfiDitg*di:'r« 

t> rai^^*^ui«H©riPsa, h = 3 1/2 d 

Sfc^5tfc?S« 0 £Mfc*£1*3#ffi®»D3gbk: 20 

yfqli^o q = dm 
[0 2 5 5] IEH^©H©73[p]0$ DSSkJyf-p® 
W<1 i-2 0>^&«j;?£T^ (!l*il 

3 5 ; 08 (a) ) 0 lf7flip = dm f§H « 
1 l-2 0>73^i«tfc) tt«MIW H *^M« 
HCBPShjb^o BI«^R^^I«HfiDHIBH:, h = 

7f-q^t<Tt^o q = 3 1/2 dV&Zo 
[0 2 5 6] H, Z, Y^Sfffi^^KtSo #l£ a B B ffi 

fifties z t¥ig H H H ffifsfi^«Ya)i;t«/^-y 30 

^SniilS^. LfrLI^&0ZfcH0j£tt J tft"eB: 

t> 

[0 2 5 7] Z : H= 1 2 - 1 : 1 

Y : (H + Z) = 2X3 1/2 -n : * = 1 : 1 0 
[0 2 5 8] -eSS 0 ¥ig H H B ffi$sfu^«Y^lfeR< 

[0259] [+. mmm^^-y (B9, $mm 40 
(5, 37, 3<s \m'>y;m;nm\\tyo)fmo)>\i 
mmmmmm z , y t ^ 5 ^s«sft£-¥ 

« (!Wf3 6) o 

[0 2 6 0] J£73^©a©73^]^< 1 - 1 0 0>73ft£ 

(11*113 7 ;H9 (a) ) „ t°7h 

« 1 1 - 2 0 >73^it«»fL/t t fr) ©P«M^ 
fi«H«shm^ (h = d) o ^MfcitS'rs^iRi 50 
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©HDMLt:°7^qfcl^ (q = d) o 

[0261] jEtf&DftfiWinfflii^ 1 - 1 0 0 >7J 

iftfcftS.fcdfcTftS (fl*ll3 8 ;H9 (b) ) o t° 
fc£ «1 l-2 0>#fo£i?J»rL;fc2:S) ©P«« 

mmmmmhimy (h = 2 1/2 d) 0 np^t 

«St^7?^HD}ILH7^qfejS^ (q = 2 17 2 

d) 0 

[0 2 6 2] H, Z, Y©|fffi»t«^o 
[0 2 6 3] Z :H=f 2 -1 : 1 

Y : (H + Z) =4-/r : /r = 1 : 3. 66 
[0 2 6 4] (£ azi:H©^g©jt) o 

ffif6fifc^8Ytf <fc 9£< PJfl(^*MI«H© 
FalPI fc £tf D If 7? J^f - 7 7°© r> n+ X £{^Sf « © 

[0 2 6 5] [7. (01 o, fl^il 

3 9, 4 0, 4 1 )] ^fl^r H *^1i«Ht^©MH© 

¥isnffi$KfiriffM« z , y t ft e & § a*ffisf*£- 

mmc ®m.msm h # < * * ? tew t fc t © 
(«^3 9) o t-r 

S ((> 0 o 

[0 2 6 6] MfifctDffiMtDfifaWK 11-20 >fi\n} 

fcas«fc5fc"T?ts (W*S4 1 ; hi o (a) ) o t: 

7 hilg^dittStSa7a^©t°7^ap = dt:\ ft 
mmo^yf-li^ d"PSSo fllfflLfcfct «1 1- 
2 0>»WL/ctt) ©Mil^*^«H©ri 
HhttR^ (h = d) o ©MfcitS-rS^lRlOllDjgl/ 
t°7f-q«J7;^ (q= ( d) 0 

[0 2 6 7] g^©®32©^W< 1 - 1 0 0 >73[&1 
taSJcdtT'tS (1114 0 ; gl 0 (b) ) o tf 

7 hag^d tt?»t®a73^i©t°7^ap = dT\ « 

EWlRlO^y^ttCd'PSSo ^Lfcit «1 1- 

2 o >micmhtc t rj <Dmm%$mHoM 
mhizfcy (h = ( d) o mmxtz,mm<9M 

l^ytqim^ (q = d) o H, Z, Y©|rffi»fc 

[0 2 6 8] Z : H= f 2 - 1 : 1 

Y : (H + Z) =4 < — 7T : tt = 1+4. 66 ((- 
1) : 3. 6 6 

[0269] m&ztHomoia „ ¥ig B B B 

felH ©fBlPIfciS^ D lEfim 7 7\ ft7Jffl?^ 7 

[0270] [x. rai^lft^li 

?|gfe/ciEAft^©Mfitr4il^PM^1i«H^ < « <fc 
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[0 2 7 1 ] iE/A^oao^lRTQSDSjSlfyf-pO 
73^<l-l 0 0>73iRii:ft« < fc5tTtSo iHAft 
^©jac^i^oSDSJSkry^ p©^|rI*K1 1-2 0 

[0 2 7 2] H, z, YOWE^ISJtR'rSo 
$EfiiffM« z t JjMgJlffi&tfc^E y ©jta^* ~y 

t?mtil$m%o LfrL|Wto©Z fcHCDJtttf-n-PH: 
ZfcHfiD¥g©Jt£?fc'r3 (£>1) 

[0 2 7 3] Z : H=£ 2 -1 : 1 10 
Y : (H + Z) =3X3 1/2 -h : n = \ : 1. 5 
[0 2 7 4] T&So ¥ig H B H ffiMu^fiIfelY^£<SS 

igUffiMu^ia y mgMuWgii-^ s ^ e c n# 

[0 2 7 5] [FatfclMS$f8H©IBBi] 
W7 yASitt^T, a«^HS*^l«HO^i>B 
EStWu 50/ira~2 0 0 0 /i m"PSS (W^g 4 

2) o Ctl«t°7 hffM±©M^5<sfe«-e*s 0 

[0276] mmmm-smmmmmmtzc 20 

H^8«£lSLT#ftT£ (!I*II4 3) o 

[0277] dbmommmoms, mmms 

(W^4 4) 0 

[0 2 7 8] ^tfi^Lfc^lgSSftjffy^ASiE* 

[0 2 7 9] gfc#y£A0/£g#&k:^m ft* 
£§8jl3Wc«J;5fc, HVPE, M0CVD& MBE 

[0 2 8 0] 

[HffifJ] [HffifJi (^77^tiS, Hi l) ] * 

SUfS^Hl lt^L/to T±SfMtbT^7 7 
-f-VC®S«5 1 WBLfco Hi 1 (1) 1^7 7^ 40 
•¥S«5 l^H/T^LTV^o ^77^3373^ (Tr 
igonal synetry) "PSD, G a N & A75"H B B^tJg-r 

[0 2 8 1 ] ^7 7^811 5 lfc^&MOCVDS 

fi14rK( \ Di£ ia-3T, |^2/(m(DGaN 
I^l5 2*tW:„ Iiaa^GaNiDCltS 

So 

[0 2 8 2] G aNXk°l5 2©±ffifc, J?£ 1 0 0 n 
m©S i0 2 cntta5 3*Mai 50 
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IEL < G aNXt!S5 2©±tS£ , r*feiJ)fiDtfiD , tfS 
So 7*h';V?77^£ < fcoTj?M©a^-y5 3 

<i i-20> (aTJlfiJ) trs^^^iz^^rs^mm 

5 3 %M L*wm<DBft*tf& Lta^-yx^o 
H&mm 5 3 t & % 0 lEHft ^©gaaa H 8 , H 9 t 
^<fc7&7\0M^©g2«i:%£o ftlBCliCGa 
N^SMft-eSSC^t^jSfSo MMMl 1 
(3) t^fo 

[0 2 8 3] a/^-ytiAlH^-eSS^ Rff^7> 

©as t , mo t° 7 4 as©/ * 7 

-yA, B, C, DtLfCo Ztl^tKDW^-ytDR 

mmmnt, m^w?? (jE^mmm \rm 

[0 2 8 4] /^->A FM$& SO/imllEHft 
fflOT 4 0 0 /i m 

/^-VB Rff^il2 0 0 ; lEHft^aft 4 0 
0(im 

/^-yC 2 /x m ; lEHftJMft 2 

0(im 

/^-yD R^@3 0 0 / 1 m;j£Hft^aft2 0 0 
0|im 

[0 2 8 5] WfftCS/^-yA, B, C, D£t> 
•Oiffl£+>-y7 0 ^A, B, C, D^Pf^CfcttSo 
[0 2 8 6] ( 1 ) y-yfJlAs W7)]/B<Dfm 

%f^~yh^-D^-yf)Vht, WW—yB%&o 

•9-y7°;l/B©±tG aWfeM>%&M2#rc<, J&W&tL 
TBHVPEiiW^Co SiM<DR&Pli^±M^G 

£±^£a«Lfc^7°2»te>tiSo +H:77© 
±t»E*iai-rSo LLftt, ^yfjvkt^yfjy 

B^-ty^t^TRU^ff-eG aNjtft^^r^o 

[0287] jxeip©±^s;j<*^x (h 2 ) tmt 
m (hci) tj'x^g ax-Hmmzzofc&v 
t*3 7, ry^-rfiT, (NHs ) t/K^x^^-fey 

^t«^/ca«©*£-\fftmt;^S <fc 7 t4oT^2„ 
7KH7J X B^tUt^fSgo 

[0288] nffifji m m&p&nmt ltg a jp 

-ha8 0 0°C«±t«L/Co ^7 7^-ta«l 0 
5 0°Ctto^U/co GafcHCltfGaCl ^Jt^tl 
So G a C 1 ffi$LTa«TOfc5D Tyt-TXZ 
tMJtSfSo SJS^tft?SSGaN*\ GaNXt°7 
t7tiH5 2^15 3©±t*»tS 0 
[0 2 8 9] Xt?»©J&g^tt#©jI9"e&3o 
iSftSfi 1 0 5 0 °C 
NH 3 5>J± 0. 3 a tm (3 0 kPa) 
HC 1 To-ffi 0. 0 2 a t m ( 2 k P a) 
^l^ra 1 Offl 
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[0 2 9 0] c©$fi©£gn, r^-yk, /Vt-yv 
©±fc, 1 2 0 0 /imJ?*©G 
7>A, ^y7>B^#5»tl/c 0 Hi 1 (4) 

[0 2 9 1 ] [+f>7°;l/A©|IS (S EM, T EM, C 
L) ] S-f'^y7>At^^T«SL/co yryffrh 

Ml 2^ff©77-fe7 YM5 6fre>ft£k°7 
ffittLTV^o 77*7 hffi5 6fr5>ft3t°7 h&M 

T^-pfCo 10 
[0 2 9 2] t°7 h©ga?iJ©»HMi6©vX7 (g 
/^-y) t-gcLTV^Co Lfrfc77-fe7 hffiS 6 J; 
DftSk°7 h©pfyD*5 9 ©{uBM]#>£ G aNffflit 
#*/cPM 01) ©fu«tiE«t^LT^/co *n 
afl 5 3 <£>*±tf t° 7 h tf»^ 5 9 It t ^ 5 C t fSS. 

t°7 h^L>5 9ii.s£Bftmm%Btbrcrtz-y<Dm& 

$ ta« 0 ^©J£H^fciH3tf 4 0 0 /i mf 
[0 2 9 3] Vy7)\/h<D%fi\C%tl&\Z<y \-<OUW& 

$ 4 o o /x mt*$ ^ /to f-na R?^©E?iJ© t° 7 f- 20 

^-^5 3 (S i 0 2 ) htfRSgtffcj&gl, 

[0294] (^(mmrcmvMiiE^nmm 

T77-b7 hffi5 6 <fct>fc3tfy hffj&gl/a^fcfc 
01 1 (4) fcfc^T, S5 3©±fc 

g ti §*«© tf 7 h t %o m d §*« e 7 h ©jg 5 9 
a^ii©rai^*^«5 5 (h) fca-stva m 30 
ii^n^s 5 5 mmvmm e 0 ^snew t ft 

S) 0 Pgtf7hO|8^@taTOgP5 7^#ft-rS 0 
[0 2 9 5] J; 9 tlSH^gP 1 1° 7 h ©H 

(D±icmircmtz5??£^mm% 0 ass© 

t° 7 h ©fi 5 9 5 5 £ ft 5 jgJIfiW 40 

t?f s t ^©±T^wi^ii^l« t ft s ©tf £ 

£ 0 S5 3 (SiOi) aNTftl^frBj&ft^K 
ftD^©/ci6tuu^t°7 h©|£5 9fcaSfiD7SS 0 
t°7 Mift|iS£&fc&tf SjftgtflffrS©-?, iSft© 

mmhmm±m^icmm & l Trails* 

5 5fcftS0T?&S o ^SD£g B B B fcgffi©t°7 MS 5 9 

d ^ii^PM-&is«5 5 a 5 3^±Tt-M-© 
MJs^-r«©-e£«o 

[0 2 9 6] 2 5»fct°7 h©ftMffi©«TtjtftL^ 
^WgHffi$Sfiiffffi«5 4 (Z) £^Mfr*„ ^© 50 
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mmmmz 5 4-t°7 natm 5 e tv^^s 
# t°7 h 1 1° 7 h ©«^@ icmmc^im 57^ 

l I in I I I I i fl I J 1 IH S 

So ^©f^fe¥ig B B B -i?sSo ±T73^itair B i-¥ig 
B B B ffi$5fu^« 5 8 -¥t§.m 5 7 1 i> 5 <t $ mfifflfa 

[0297] mwmmmmicxm, 1 2nmvy h 
r B i©Pir B i©gP5>©¥±afP5 7 a^Titffi«© (000 

1) BtftoTlWco t°7h^©ftlf4ffi (7 7-fe7h 
S) tt {1 1-2 2} ffi, {l-10 1}ffi©ft^tft 
oTI(^„ ^5>tt:°7 h©|gta^^ftg©^^77-b 
7 hffi5 9^#feLTl^*^^o/Co ^y7>A 

*s (1-100) fSMffl-cfSMLfco nigffitans 
t°7 h©»?ffi^siiL/co wffissa, mmnmw 

M (SEM) i;^V-K;P?*-tyx (CL) ta^t 

Ifo/Co 

[0 2 9 8] C©tiH©$SHt°7hS5 9©~fta, S 

ffi©gp^tgsij^t§gp^ssc ttfftft^rc 

fgftfiScft^^ItffO^g^ (MtMS^WSH) att 
g^4 0/xmgTSoT> CLWoT, fi&©^«tjt 
^TBtV^y hWhtft^ft. C©g^B^5ttffi© 

cfcoT, C©gg[MfgftCtt^^lftg^H^^Ec 

[0 2 9 9] ?Stt°7 h|£ 5 9t^<fttt©g^C 

l (*v-F;i/5^-feyx) tTEM (11*^1111 
M) fcJ^TcfcvSffifc^TL/Co ^©iaSfEfi©!? 
^fS©gP5>i:^L<fflltS**^o/co DBf^ 

mm m%<vmm#&LTz 0 mm&-?\ o 8 ~ 

10 s cm" 2 fe©^$Kfu^®^o/Co ^^\z.mvM 
«©itWi!6 0 (tticigHeWKTSS C t tfhft^) 

[0 3 0 0] itWI§6 0 (fgHSWK) tioTHSn 

njb^st^-rs) o ig B B B jtft©73^tf$t;s=^ 
wftSjg^ t -d c mm 5 5 m^mmm ^ts 

&f*T*ss^n (ig B B B &WK) ^^^Trai^Hn^rt 
liHW^'ctiafc (h=k+s) o mm%m& 

S«(»©l©MJ;ij i L 'Jicf, 1 i/j'i'.ii'i LfVl,',,^ 

[0 3 0 1 ] Fai^f B ir^»H 1 1 ■ 3 i ©as 3 
©±t t « ^ 5 r4il^PM^1i«©fi«^»SWt M 
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mmmm^x^ 0 

[0 3 0 2] mrmmmmmmmicmz 
?>o ^mm$ (ignewK) mmwm^^x 

g£S-3tfc'^ %RB<DW&<"2\^ 1 0 6 ~1 0 7 

cm -2 (D^m.&(DmmmwM % ^t^o l&l 
mm& z mnz, t vrc^ xmmmm l x ® 
< o nmm^ i o o M mggfein«^ 

10 4 ~10 5 cm" 2 tfeffiTLT0^ o Miao 10 
TmWIS©£< TUiii^mZ. 1 0 4 ~ 1 0 5 cm 

[0 3 0 3] *®gR#©&fttf:£&^tf*0&g#fofci: 

t&t>fr&o ■o^mmnmc^xmsmmm 20 

B&fcJtlS T 3 £ fcffiffiganfc* fc«4> L X T ^ S c 

Kite. 

[0 3 0 4] -D%vztip>mm&co^oct%^ 

Wllfr 6 $ 5 K ft PStf F*g S s T A 3 0 c ft 6 C 

{imvMm&tzsicmmMtm, mt^£ 30 
[0305] mmmmm^Tunmrnz-h^. 
v\ ljiwi^ t xhr.~D(D mux § 3H« 

£3 0 OS D t° 7 h ©ftM! 5 6 ill LftgPft 5 4 
£ , t° 7 h ©RSHC^fflSP 5 7 ill UfcgBft 5 8 lift 
If 3 &©T£3o t° 7 hftMl 5 6 *TSB# 5 4 tt7 

r-b 7 b xfSMLTz one*? ximmcftix 
^3 0 a^LLtii rj|ii±iiffi$5fuifffi^zj fcnf 

^ott«o 77-fe7 Hcifft3fr5MWfcBf 40 
[0 3 0 6] mmm^5 7 (CffifcTO&UffigK)-) 

©*T©g^5 8 \mu&mxh-Dxmwxm^m 
mmv&Zo ctitt7 7*y hm^mbfemxr^ 

&7 7*. 7 hffl©«»t <fc -3 TfHSfuffc L/cf RB^fe 
3 0 7 7"fey MiRJ^l 2ft^LT±^\#tfT^< 
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[0 3 0 7] LfrLiEl 2ft^ J ?ra^«fcoTli i Fffi^ 
< £&<«7 fc^V&Tt&lA, LTfe-g^S 

t UT&+^©gKM3 0 m^mm 

35 7 ©T© 5 8 tSSWIl 7 ffi&fM D IMSH^ 

a r#|g^g^tetfc^« y j t £ t ic f 3 o r^j 

t\i^<D&7 7-b>y Y(DmV(DWrit^7£tX&%„ 

£ comm. mmm-smmmmtmEtzm 

[0 3 0 8] ^S^GaN©IffiTB, !BSl7«^ 

y oym\xh d . r^ilAPM^1i«as s t mm k 

[0 3 0 9] T = H + Z + Y, 
H=S + K 

[0 3 10] C^bTfflHSSgbTHeSOKB'Ji&b 

[0311] ^StCCP^RS^^JSHi:, t°7 h 
ft<D7 7*.V hM5 6<DfflkK"D^?fflmcmtl>rc 0 
£<D\iv h*^fS7 7"fey h®tt {11-2 2} 
ffi, 11-1 0 1} ffift^fc&oT&'D, kJyhC® 

^77-fe7hffi5 9^#ftLTV^o CfiDCfcttftfc 
ta^Tt^o a^7 7-by bffi5 9l»?tl^L 

[0 3 12] IMgCiSft, cfcDSv^t^Dlg^ft 

7 7-tr 7 hffi 5 6 < ®^raiAPfi»^ii«H 

<9tiWT^fg!!SWK (6 0) -es« 0 -9-y7;l/A© 

jg^a«s^7 7-t? 7 hffi^raiAPfi»^ii«H^ff^ 

[0 3 1 3] £5£ftfi©i£^77"fey h®5 9Ji, t° 

7 Ma^SM^SffM^tiTv^o ftfi©S^7 7-fe7 

So ftg«S^7 7-k7 hffia^L^ac|fi73^]t© 

So SSOi5^!Wgffi!BS*^\ 7 7-t7hffi {1 1 
-2 2}ffi, (1-10 11 ffla^Tf'yhWI 

So ^tlt j; o TMHf ^Hg$Efu©¥igBlffi$Efulff1i 

«z, msmm^mnY t&z 0 
[0 3 1 4] *mi&nfc7 7ty h&mi%t>^f% 
m2itz>£tic^x, mmmw^mm\tf7 7^ 
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77*7 hffitiot r4li^Pfi*^a<0JiH©g^© 

[0315] [-9-y7>B©|IS (S EM, TEM, C 
L) ] -9-y7°;l/BtOt^TfcS EM, TEM, CLfc«fc 

L^y7>BT-arai^l*^«H0)±?^^ 1 8 0 
/jmWt^ft. ^y7>A^M^i^S«ii 
l*M0|i mT&ofcfrS^ft&itgT 4 fg«±, ®1 10 

[0316] z^icvyy^ivmmmmmmtt 
mm, Y\mLxmm^Lx^mmt>^tc 0 mm 

mt^^mm^xv^o vyf* b mmmm 

y\sjy*<stfst^mftft?rco 20 
[0 3 17] (■9-y7;i/A, y-y-fiiBcotoT) yrv? 
)VAs ^-yf^BmMmmuxbrco mmmyr 
j j ?MM%mmuTxm<9%t ltc 0 zwmmmm 

x, mmmmtz g a nmut t/c 0 um^y 

fgSC^tSCGaNlWISnfCo HI 1 (5) 
©J:5ftJ#RfcaSo 7 7-fevh#a^#, 77*7 h 
^L^©*Ta^ll^PlS*^tSSH (5 5) fc, 7 7* 

7 Mi©Ta¥igH H Hffif5fiiff^«z (5 4) fc, ¥±i 
g[S (Cffi) ©«Tg^Hi:¥iS H B B ffi^fi^M«Y (58) 30 
tS^tl^o ig H H H&WK^W6 0^4^So Hi 1 

(5) \mmmTift^m\Lxm^xv^ti\ $m?fr 

[0 3 18] CCDGaNSlKHu Sffi£ (0 0 0 1) 

IM^nyh^XhtLTSST^^o GaNO/OK 
StS^^ft© 3 6 0 n m(DftX C LUSTS fc, g$g 

4 0 0 /i m M 7 ^TfPJiE b < MA,"^ 40 
Si^*^fro/c„ iltiavX^5 3©H7^t^ 

[0 3 19] SfcP4®^ISB^^«HH:Bt^3^h7X 

mxmmx&wmx&Zo c l^^lt^tb^ 

[0 3 2 0] LfrL77*7 hOkTy H5 6£^T 50 
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mbfcsmmmmmm^ 1 2nmw%^ 

ay h^xh LTJtASo 

[0 3 2 1 ] ¥ffl#5 7©T©¥igHffi$Kfu^1i«Ya 

[0322] rai^Pfi*^ii«Hacifi73^t#t;T^ 
o. 3/img©gMffji5ftfc 0 cnarai^PM^fi 

[0 3 2 3] WJWtft^^^^, ISfs 
ffifBSftHttillS§n?S« 0 CLfi, 17^7 K 

[0 3 2 4] C Lf|^ail$EfuaBfV^i: LTtlS£ 

nso ^>7>b, ^y7>A^a, pai^n^s 
HtD^mmmmmm^bx^mm^rco mm 

[0325] mmkfm^m^mi^y^^hxiiA o 

|im*g (flti 5 0^ m*g) ^Sff^T 
S^/to lilXr B *&Misia^y7 0 ;l/BT;-ai 8 0/im 
*g (Ili2 0 0fim) TSD, A*^®OTc^Sff^ 
So/Co ^>7>A, BCl^arai^lft^liS©* 
S/ctj-eSSo ^LT^tiaS (SiOi) c^t^t 

[o 3 2 6] vyffrk, ^-yfjiBtwmmm 

immMY) ^ tm&&&<, mmmmmmnfr 

t a, mmmmmm m^t <♦ tig^g*^-r 
s c t fe s s o ¥ig B B B ffi$Ef4!fffi« z , ¥ig B B B ffi$Efu 

$mmiCiS^X¥i%<DMtffig.lZ 5 X 1 0 6 c m" 2 

KTT^O/Co ¥ig B B B ffi$Efu*1i«, ¥lg B B B ffi$Efulff 

«HtKiKS»?ns©T^©ffi©ii« (¥ig B B B ffi$Efu 

M«Z, i|iig B B B ffi$E{u^1i«Y) «u*Hg<ftS 
[0 3 2 7] ^y7>A, BCG aNS«^K0H7j<!§ 
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<fc -3 TiSS*±lf TX y f-y 7l/fco 7> B t 

£g B B B ffi$Kfui«, ¥ig H B B ffiMuiffffi«ttx 7 ^ w 
nmt $m < i 1 1 1 t 'drmmm 

oIS(Hti, G al"e$« (0 0 0 1) ffi/S)"e«&< 

t (x^y^'?nt<^) , n (sit) ffii?ss (o 

0 0- l) ffit&oT^Sg^fcfeS, fct^cfcTS 

Koooi) ffi^DTX7^>^tit< <, sii 
mM^mmii-mmmmiLrmmmm (ooo 

- 1) tfffiT^SfrSKOHfc«fcoTXyf-;/?SnS 
^ t c 5 MfRfctttSLfcCTS 3 do C 9 fc&lil 

^*^fi«fc imw-mmi l ram mt^^ a 
mmmmmmmnmrm^ y ? y 7^ns^ 

•VWco SStTEM (llll^Sai) SUISSE 

fctf T#tfr l/c$sh, c 7> a «i^f H *£M 

ffitf< 0 0 0 1 >fi\a\K 18 0° jMtet/c¥IS a B B ^e* 

0001 1 8 o° M$iix^mm<D^m 
fr^ftztc ctmmitco s/c, cmo 

fSHfr 5 , 7> A sf fcfc S BfgftRgft 

{11-2-4}, {11-2-5}, {11-2 30 
-6} , {1-10-2}, {1-10-3}, {1 - 

1 0-4} -v$>&t%z.z>ti& a 

[0 3 2 8] yyfjVA (fig 5 o/im) , ■y-y^i/B 

(fig 2 0 0 ii m) OG a NS«aS*W^ttKtt«a 
(4 0 iimt 1 8 Ojim) 0 ^tUifl (S i O 

2 ) ^?2ta^T«?L^f?2o *« 
tmimmMY., m^i&Mmmmzz^<tz> 40 

[0 3 2 9] LfrLKtfZm D fcK3BfcR8*Sfig«H 
Htf*&*&^*n&^£^?Cfctf&So ^7&£ 

[0 3 3 0] [•9-y7°;l/C (flg2/im, 
m) ©Jtft] 2 /i mg©fl£ 20(i mHCiESM^K 
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/to ctiaaa^vjN$< t°7^fe/j^v^j^So m 

tbfco f« £ 2 /x mgCfl (S i 0 2 ) tfSSoTL 
S^7 7-fe7 hJtft^^Tfe, 77-fe7 

/to 7>^a77t7 hoMta^TLS^fco tf 

7 hfuH^MW-et^^o/co ^nap^-esso 

[0 3 3 1 ] ^C^HVPES^feTMOCVDSK 
iOll^Silg-pG a N|g B B B MI^/co iSSSfi 

ssfc-rotta (s 1 02 ) ^e.^7 h*i-e±^s-& 

S/c&T&So 

[0 3 3 2] M 0 C V DriH^SG a ^rfSfr-f , Ga? 

7 A (tmg ; 3®#x) try^-Tifz (NH 3 ; 
safcffx) (H 2 ;**y*#x) fcffl^ 

So 

[0333] Sfir^-fe^fc'tf y7>c;&B^T l 

0 3 0°Ctta^L, ®&#*£«ET?3&: 5^Jt= 

1 : 2 0 0 0-effil&LTGaN©fiScft^fo/to 

gtt 4 /* m/ h -PS D , fiScftBf K« 3 0 PITS o /c 0 
1 2 0/xmgg©^*©GaNl^ft$€SCi:^T 

t/Co 

[0 3 3 4] cnt<koTS5 3^tL/ct°7 htt© 

So tf7 h©stapj«^PM^i«H*«tSo 

[0 3 3 5] ■9-y7°;l/Ctfc'V^TaiB©itga2 (imi 
«46T/h* t° 7 h fit T~ t /c Pflii^Pft*^« H 

fe^e-ntonT^? < xnmz 1 /x msg^feo/to o 
s o a 5 3 \mmnm-mm\{(j)\-mmk s /c^t 

[0 3 3 6] tfy h£?){tl§TO5 6©TtigHLTi|iig B B B 

ffi$E{iiff1i« z «il/c„ t° 7 £ tlit 
4^ntr^ Q t e miis t £~z>~€££ m&mmw 
^uv&zctmmLrco vymvytm (c®) 

5 7 t*teLT¥ig B B B ffi$Kfu^1i«Y fe^L/co C C 

feffilEfuT#ign^So/co ^-cfc ^ ftftKa^y7> 
a, Btnmxm 0 rmmm^mmmm^x^ 
^t^stcz myyiv c <dw$v& s 0 hvpet- 

a^nltg^ tMOCVD r££(S )cctJ;^ T/Jn? vil 

[0 3 3 7] [-iryTVl/D (flg3 0 0 /im, t°7-f2 
0 0 0 /x m) ©fiScft] 3 0 0 |i mg^fl^ 2 0 0 0/im 
aCiE^ft^M^t^flJ^^/c^y^I/D fO^T G 

t^feSo M)i©^y7°;VA, Bt^HitHVPEri 



(34) 
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[0 3 3 8] 

ftimus. 1 0 3 0 °C 

NH 3 #£E 0. 3 a tm (3 0kP 
HC 1#£E 2. 5X10^ a tm 

[0 3 3 9] CCJtftt^oT, J?£4. 3mm©Ga 
Nj?lig B B B^#5»tl/c 0 ^yf^Dicis^x^ mi 2 

a, fflfeCG aNl©±tffML/ta (S i 0 2 VX 10 
5 3©fu«tiEL<-g(L/co 

[0340] L^L*^e»> t°7 vm-mamm^ 

[0 3 4 1 ] Mli^l*^TSfe1 H(i20 00|ira t° 7 f- 

"e^fei/^ntt^sjo^x^ (» 5 3©H7^t#L 

0 0 0 p. mU&TM 1 2 ft iWllftff^ & <£) & & o 
/to LfrL2OOO/*ml^^jjT£0fifflfc&Sk:& 20 

frfrfr 5 fWjitlPg tf 7 h ff-Dtt&v Tc t © t So 

/to fOJ:^j:«tiO$§t7F©g (tiMfcilEL 

[0 3 4 2] L^LTO^PS*^|^S<-rtlLT^ 

Hgfaffi(gffi^« Y , i^BfgKfilff^ Z 
tl^©g^©¥±§©Kfu^®a 5 X 1 0 6 c m" 2 J-XT 
TSDffifsfi^feo/co ^BUWEHsb^-rnfcSPffi CS 

tcg^av^) t^t/cwsi^Ki*^i^H©MHta 30 
area < TffiKttta s i: 1 3 ^ 

[0343] ^y^A~Dtj;«ii£J;ot, M« 

^PM^«H©ltga 1 /i m~ 2 0 0 M nu ^fl^fa 

~ 3 0 0 11 m, mm^miMW) t° 7 2 0 /* m ~ 

2 0 0 0 fim^^iff^ ^fc2f^Oj|&S*#S 
[0 3 4 4] [Hil2 (GaAs, Si, ^77^t 

S«; /^-yA, h (a + e lo) ;Hi2)]^o 40 
^iiicMffiSfj^tL/co 

(Hl)lGaAsll 
D. CI (000 1) 
>Y (1 1 1) ffiS iS« 

[0345] si imwymm(DiL^m& 

& 0 G a A s aF4M}Ma (Zinc Blende) §J©ja73 
SSt?feS 0 G aN«7Y73B B B ^££o ^©Cffi«30 
0$E)T«^fe^o i73 H B H ^a (111) ffi/cW3 0 
M$ft£fcO 0 ^tO 5 S i t G a A s ttH@*fjfM£© 
(111) ffi©S«£ffl^ 0 ^7 7^-ta=73B E l^l? 50 



a) 

(2. 5kPa) 

££o ctt#ffi£j£gS£«;fcfctf77'f*fci;C® (0 

001) ^fe^igB^ast^o 

[0 3 4 6] Hi 2 (1) ~ (3) ICG aN©Jtft73r£ 
£H^L/c 0 ^y7>A~DaSfiS«©±t2 /imj? 
^OGaNlWW^X^ (S i O2 ) 
Tfl 5 3 £ffM L/ift\ UStfJ 2 1? «fflJ6fr 5 gfilffi 
T*S«5 1 ©±}C ?tt*-DVTU5 3 
So *SSfiSft5 1 t0. 1 /imJ?&0)S i O2 S£ 

[0 3 4 7] ^MlJ2Tfflt^n^fl5 3©gBH^#- 

\tmvx%>% a /^-yHa/^-yAtE lo (7 
r^^ft) vx7£lte^b#/c/W7u 7 F§M 

So 

[0348] 7^-yA) mmm\(o/^~yk 
(5 0/xmitg, 400(1111^7^ fcl*M$©SBtIfc'r 
So o£DH34 0 0/xm©lEHft^©||££*l5q!L j e 

ntt^ntW©® (&6l 9 : H6 (a) ) 

[0 3 4 9] (/^-yH) /^-^A (5 0(tmjt 
& 4 00(imK7f) fcE LOVX^£fiML/c/W 

7U7 Ka^x^tfSo /^-yAii^cB, -a 

4 0 0 /1 m^iE3^©li^£M5£L^©a£fciIg5 

^is^ffi^^Sct^^^-y^feSo ^©raff^© 

^1/^15^ (^figPl 9) tE LO (Epitaxial Lateral 
Overgrowth) ^X7^^So E L 0 t LXMh 

X7ffi««73»^ o %/^-yx&Z>o £ 

tfttHa*M /xm«iE=ftff^<Sa<f!^igi6/c/^ 
-y©iEHft^©]Mfc*@2 (imC F7 h«©H!ngP 
OS) *EKbfefe©T?feSo S?Pi:!S:SiEH^^©- 

a*v /^-yA©iE=ft^©-a©73^]tTOts;^ 
i^atMo hi 2 (i) ^assDtiH^^^e. 

E LO/W-y<Dm**V&LT^%b\ fl5 3©Ps1t^ 
i[^^ft1-S»ll^tTV^©^SSo 

[o 3 5 o] ssa«©±tagtvx^/^-y^S 

/W-yA(DWr&iE^nfc<»m0)ft\aS*&1$jj\nSth^ 
£tlCt% 0 G a A silCf p(t S^TLT^Kl- 



(35) #1^2 0 0 3~ 1 6 5 7 9 9 

67 68 

1 o>mtLfco ^7 7^a«M£«;<i-i o * aNBWtSci&<8«'\«gicvx^2-y£ 

0>fifa£Lrco S iSSO^HKl-l 0>7}fr£ MlfcL««„ ^y7>E~H fc^THfitfJ 1 

4fis©^y7>E~H^ffSL/c 0 zn^nwyy Tc 0 HVPEj£fciEJSIF©±#fcG a#-h£tU T 

[0 3 5 1 ] •y-y^VE ; GaAslfi (1 1 1) ®± HtfXilHC 1 #X£G a*- Heffil&LTG a C 1 £ 

tltgt/^-y A ( 5 0 /i mmmm, 4 0 0 /i mtf mtZo G a C 1 ^T7WMn!2nfcS«fcgM 

7^) ^I/^-yartWcfeO. t^g[:te(c:tUT7y-&^7^fjt^LTG a C I tOM 

;^774^SU (0 0 0 1) ©±£*8fc: StioTGaN^dt-rS^-pSSo VX7©±-\ 

/^-yA (5 0/xm*g, 4 0 0/jmt"7f) ^ 10 G a N/W77l£ffiS^jSftL/cfMS-?G a Nlf 

£-y£LT^7cfc©o )I£J?<$«2^o G aNfc^T2|»)tft£2 

^y7;i/G ; s iSft (l l D ©±fcfigt/^-y #;g 0 

A©fl/^-yffML/cfe©o [0 3 5 3] (1. GaN/ , !'77rI©M) GaA 

^y7;l/H ; GaAsijgfflitigt/^-yH (/* s, +f77^> S lgiRa2©±fcG aN^777l 

^-yA + ELO) WLftfe©, ^C^ffTHVPEStctDjSft^^/co ^7771 

[0 3 5 2] cnb©!ffl«VX7^tt/ctti^Hl ^t«©M#c3:<tf^i:tTS«o 

2 (i) fc^-r,, ^ffiMi ti^©asaa«©±tG* 

7y^-7^I± 0. 2atm (20kPa) 

HC 153 V J± 2X1 0" 3 a tm (2 0 OP a) 

4 9 0 °C 

mm 1 5^ 

^77 7SJ¥* 5 0nm 

[0 3 5 4] (2. G aNllflOlS) fiMIL/c * § 0 
^77 7l©±tHVPESt ( fcDSSTxHl^t^ 

7y^-75)-J± 0. 2atm (20kPa) 
HC1#J± 2. 5X10 " 2 atm(2500Pa) 
1 0 1 0 °c 

j&gisra 1 1 m 

XkJIJ?* *& 1 30 0/xm (1. 3mm) 

[0 3 5 5] e©j;^tffiSTv^7 7 7«^ ffifiTi 30 fc&oT^So ¥iSHffiMi^«Y, Ji^ffifsful 

7;VE~HtfcfcJ^«l. 3mm7i^«G aNli [0 3 5 8] (SffJAtlX) ^y^l/E-HtWfJimX^ 

^ffsn/to ^nanffifj i ®^y7>t mm?&Zo tr Co $?m*mMix, mmms 1 g a a 

^■pS-aT^XfiDA^aaU^-rSo CLfcioT sil, S iSfe -9-7 7^-tai^^SL/co fl5 3 

«SLTffli6T^ii^i*^«, ^isnffiefuiffM t>-Q^T?fci^£?nSo 2e>tgiffiMijLt°7 hm 

L^L77-t7 vfmtzfrzmma (tf7 h) « tfco «ga2^y^fsa©TO¥miH)5©aw#& 

samsTfecj:<i3*^„ n^o hi 2 (3) &*<Dtm**t 0 cnmmz^ 

[0 3 5 6] Hi 2 (2) tSfffiH^fo tg a n (oooi) I (cffi) ^gffifr^lfica 

7;v©^-rnfe77-t7 h®5 6^e»a^h°7 vzm 40 «a?££ 0 a««c6®^tt^feoTrai^i*^ 

t^iftLT^/co VyWmm (M) 5 9 tt, Sffl 1S« (H) 5 5ffMA/eiA5„ ^©tp^Mfct^L 

ICU5 3 (S i O2 ) £ LT^t/cVX7fu«t^&L 7cfl5 3 fc-grTSo ^n€n«l^il^I«H« 

t^/co -os dussm i £ ^HitMffl^ga?ijL/c«g4 ^s^tf£ofe„ mmxmmmmnmmmi o M 

0 0/ira©f>y hM^idlLtglitffif ^„ tf mc^/c 0 ^fUifi^-y (50/imitg, 400 

7-t7 h^#fi-rs«:i:t,ffl^*nfeo s i o 2 as 3<D±mmkMM-&Mi$,m&t%t% 

[o 3 5 7] a 5 3<n±icimmmM^mm cm 5 ^t\m%.tv%mm&%o 

5im%, ^©±^t°7 begs 9 tfctw. t°7 [0359] mwfcm^m<Dftwtm&m& 

ci©wi5 7©T^fi5 B B «^t« (y) 5 8 50 M^Ttf§ 0 mmM^mnmmmmmm 



(36) 
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i 1 1 1 i .8 '^^rmmmmxmm 

wmttt-jX^k ottioj^-yyiith, 5 x i o 

+fy 7>E (GaAslI) ; 

+fy7>F (+f77^S«) ; 
Vy-ffrG (s iSS) ; 

V-yfjVU (GaAslI) ; 

[0360] -e^-Dfco v^-fnt+^affiKfiSffifita 

E, F, G©^T:S&Mu^g£ffi<^fc©W;^77 10 
(F) T£2o O^-GaAslI (E) 

mmm<t?> 0 s ia« (g) afefiffiMcff^ 

[0 3 6 1 ] £5£E L0©#r£^fML/c^y7°;bH 

ag&ffifsfufM u\ avx^^t©^y7°;i/E t 

* t j; a ffis (rai^ra it mm h ) t e l o v x * 
w iRifigi i <fc * KttffiSD ©maa* *{* lai eg 

[0 3 6 2] rai^^*^«H©mitHMij 1 ^ 20 

UXibifco 7 7 -fey hffi£v&£t°7 h #5*1085 
3©±fc$ftLT^t, t°7 h«Jgfc(Hft#*tf'bTB! 

icmt % & s zm<Dmmmmm% z , ¥is 

[0 3 6 3] (+fy7>E©^Jgfi) +J-y7°;l/E (Ga 
A s SIS ; ^2-yA) lco^T«+i-y7 0 ;^2MfS 
Ltco ^mmic 2 fttO^T^ft|g^©#?*^a 

oWc„ yy/bEtD 1 ^ffiw 1 ^>nmmzt 

LX9a&(D i a fcK8fcRS*Sflg«H tm B B fg$Efiil 30 
fffig«Z, ¥ig H H H ffif5fi^ffii||Y#Bj3titgS[J^n, Z 
+ Y t? ^ffifsfu tSoT^fto Lfr L+f y 7)1/ E © t> 5 
-0©Sfit«, 7 7 -fey hffifr5ft£fc°7 Mil 5 3 
©±fciEL < A@»oeftK2nT^/ctf t° 7 h 

[0 3 6 4] M^ii^fi«^ < ^ y 7> e ) ^ 
©tfy7>E£<fc9?ffl£f^T#3£, t°7 h©J£5 
9 tH< §©^fl^*^iS«H^< T77-b7 He 40 

<fc o T^i6 5. n« ^mmvntffc^nmcm^T^ 

%(Dt£, th^Mifftft-DTu ^(DMi^&li 6 x l 
0 6 cm -2 TSo/to /c^5fto-9-y7;V©#|gB a Bffi 

V\ CC+fyTVl/Efc&t^Ts l'0^©t°7 htfc'^T 
t° 7 h tf»* 5 9 mtttc.fflfflt)i$.?vX^Tc 0 Wt 

hi (b) ©swe6 og©ftS*a-r®K^fiST?s 

£ 0 ®«^Pfiaffi«^^©S®T-SDH7 Hg©«Tt 
Itf 3 o S^Pgfci t° 7 h tftofr 6100/1 mtt±tJb 50 



3X10 cm 

9X 1 0 5 cm" 2 

[0 3 6 5] vy*?)iE<D—D(D£5ic?mmmm 
mm%Lx^&m$&, 77^7 ha^asey hc 

£^T6Hi©illtit^ 9 £ < fi*tif\ Mitffctf 

hgt»2o fe^/u^©^ 

frit' 7 hggptrai^PM^ii«H#ffM^na^ 
SH7 h-ptt^feao-psso 

[0 3 6 6] oSDffifefuG aNfSH^ff^tf^* 

^^^st©t-r«ta^ t°7 h^acia^s 

^fcfc^LT&fcSnSCfcfc, t°7 MgtraM* 

snftttntfasfci^©-^*, *^©g aNSSt 
[0 3 6 7] mm 3 (vx^©fiio ] mm (1 

IDA sffi^WtS G a A s S«MS«TtiSfS i: 

ftS&S* feo©#5S#a6 S Tc tSS t S Sl©fl 
/^-y^ffgtSo (111) As-GaAsiSt 
*8fc* i¥?0. 15(im©Si,N, ffBI^ffML/c 
fe©(I),J??0. 2|jmOPtll»lLfcfe© 
(J) , j?*0. 2^m©W||WLfcfe® 
(K) , mo. l(im©SiO z IWllfcfeC 

(l, m) mmifc 0 

[0 3 6 8] Ui?Xh*m&L7* hVV^974t^ 

•yfy^Uot, «i©-g^^£La/^-y^ff 
Sb/co fl/^-ya, s i Nwm (0 ^ p t»i 

(J) , W«l (K) t-Q^Tti, HffifJlT^/cA 
HflfiftW/^-yA (06 (a) ) tL/co /^-yA 
^ -34 0 0 /xm©iE=ft^©l|DEL^5»ft^fe© 
©]Mt 5 0 mt#©RfiWlL/cfe«-p£^„ 
iE^ft^©-a (b°7f") TalRltf G a A s!I©< 1 - 

1 0 >?3|Rlfc s Pff tftS <fc 5 1 t/Co 

[0 3 6 9] s i o 2 mmmma^ximmm^^ 
?-i/Lt~®m<o>w-yM*fmbrc 0 w-y 

Ui, Ha4 0 0/im©iE?3^©||?3)gl/frSaat>© 
©]Mt 50|i m*g©R^©a^E«L/c00^ft© 
fe©7-S^o /^-yMa, 4 0 0 |imX600 (im<5 
fi7^©itD£Lfr&&£fc©©Mj£t5 0 /imitg© 
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nmnmm l tcr. mm^ & © & s 0 ^ - y l 

!J.i t -) !<Ut Vt^ -^©yjInl^C a A s Sf^ 1 - 

ELjf73^©Sa©73|n]^G a Asll©< 1 - 1 0> 
7»TO^SJ;9fcL/Co 
[0 3 7 0] 4flS©?il^XlWJTffi-el)|gLfc 0 S 

i 3 n 4 si m ( i ) wmm, p t ( j ) mm 
wsia^ign, s io 2 wmmmv%-Drco 

Ctltb 5 fincfl 7 % & o /clffi^y7> I , 
J, K, L, MfcTSo 

[0371] •y-yTVM ; s i 3 n 4 »l©/^-yA 

WifMUcGaAsII 
^y7;W ; PtII«;^-yAWMLfcGa 

As SIS 

Vyy°)iK ; w»;^-yA^tgffMLfcG a a 
•9-y7°;n ; s i o 2 Pl©^?-yL£«fMiL/c* 

0*v7 7«®J&g&ft ; HVPES) 



(37) #^2 0 0 3- 1 6 5 7 9 9 

72 

* G a A s WR 

y-yfim; s io 2 Pic/^-yM^agffML/c 

G a A s SU 

[0 3 7 2] Ctl5»^y7>a«±tHVP E 

StJcoT, G aNCj&R^fiS/co Hffifj3tfcnt^ 
H V P E Sa^ffiM K 2 fcfc'tfS fe © t |WT C ©"PS 
So * 7 h 7 *-^SS£^©±73 1 G a h £ D 
T^tS^«^c^-b7°^^fe«o G a It 8 0 0 °C« 

10 gtdDl^ft^o ±#fr 5*112: HC 1 #X£G asp- 
hfcPfctfttfG a C 1 £^Jtf £ 0 G a C 1 tfj&UlLT 
iiCfiftlA^WNHa (+7KH) tSSLTG 
aN^-eSS^^n^SS±tiflLTG a NltS 

So 

[o 3 7 3] mmc^y7 7Mmw?m<m2vz 



NH 3 #J± 
H C 1 frj± 

mm 



4 9 0°C 
0. 2 a t 
2 x 1 0" : 
2 0 

(5 0 ii in 



n (20kPa) 
a t m (2 0 0 P a) 



[0 3 7 4] 



; h v p esd 



NH 3 #J± 
H C 1 #J± 

SIJ¥ 

[0 3 7 5] TO 1. 8mm«G a Nj?H£if lb/c^ 
yy/Wi»^|OK7 hfcfto Wc ^y7°;b 
I n J n K«^M±?^USffiff«t^T^/c 0 iM 
1 2ftft±©77-t7 hffifr5SSk°7 Y*&mi>X 

t?V^c 0 ^SDH6 (b) fcgVr.kSfca-sTWt. t° 
7 -faS 4 0 0 iimX&iX, t°7 h«gfc^J4 0 0 /i 



1 0 3 0 °C 

0. 2 5 a t m (2 5 k P a) 

2. 5 x 1 0~ 2 a t m (2. 5 k P a) 
1 3 H$HB 

1 8 0 0 ji m (TO) 



[0377] y-yyimximm^mmi^ix^y 
y) 0 cws H m$K{u^is«Ytfe^Taat^jSL 

[0 3 7 8] 77-t?7 hffifr&ftStfy h©Jg<7)ff£K£ 
HSU/co -9-y7°;i/K J, K, U Mfcfc^THu tf 
7 hJSfctfy Maf»ffM^77-fe7 hffiJ; D feft 



\-li'mm 1 <^Hty7°;l/Ai:^<l^i;tf£ 40 «ig^ti/c 0 LfrLVy?)]/ J tULTa t°7 Mat 



/Co 

[0 3 7 6] VyffrL MtO^Ttll 2ftjt®7 
^MiT&o/co L^L^©E^SV^y7°;l'La4 0 

o p m t° 7 ?-<DiEjtt' ^-yft t> mmmv t © 

tfto/co -9-y7°;WUaSa4 0 0|im, ft36 0 0 fi 

m(DM^^-yft^%%r.mm<vi>(Dtr£- D rc 0 c 
tlZ>K$5^X*>M<?mW£ t°7 h^fuB^gcLT^ 

/Co 



^o^oL/cHfi^iie»n/co tm, ens sag© 

+fy7/l/ 1 ~MWilILfc„ DSffiCG a A s 

ifijiinxLT¥«fta««t l/co ^©stwjgtox^ffi 
LXs ¥mm%mmmtmMtLtc 0 zjyf-m 

[0379] cn^yf^i, j, K©a«a, 

^ (000 1) ffis 'OS D CMitSSK^So S« 
50 *WJT£L<MA/£^/c 0 ^y7;H~Kt^^Tar4 
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fc^MZX&-?fc 0 Um&4 0 /xmgg-e&ofco Lfr 

[0 3 8 0] ^•f'tic^y^tfe^Tfe, frlil^M 

rmmmmimmm^mmmtzcth io 

[0 3 8 1 ] rai^l*^aH«^flJ©«g H B H ffifEfu 

iffn« z , wi^mmmm y t©to«&m^ 

gtt^-fnt5X 1 0 6 cm" 2 V^XUb-DtZo JcDJI 

iryTVP I : 1 x 1 0 6 c m 2 
yry?)]/] : 4 x 1 0 6 cm" 2 
^y7>K : 2 X 1 0 6 cm" 2 
WffrL : 2 x 1 0 6 cm" 2 

VyffrM : 4 x 1 0 6 c m" 2 20 
[0 3 8 2] bh^X^mm^&X&otco *fy?)l 

ffifr£&3t°7 I^R^vxy (II) £^L^LTffM 
[0 3 8 3] SSSffi©CLfi^i:oTllSU/ci;C5 

p t £fifc Lfc+fy7°;W to^Ttt^LVi tffflSI" 

tV^di^WLfcCTfe^o CLi, TEMtcfcD 
M«H tt^SSIl**« ^ 5 C £ mft-i Tea 

[0 3 8 4] y-yfiij (D^Lmo-h^mm.^^ 
r&%$m&xnb%z. t m&o % $ x%; < ng^ea 1 

ffl (J^igH) TS^^^©MD©i|iigH H B fiI^ (Z, Y) 
<VW^mMtte<0 0 0 1 >ffiCD#-grr3tfg:&3 

igsWu^^Ji^fe $> 5o W) t ^«&PJ«li 

M^yiMumZth^m^fr-ifco 40 

[0 3 8 5] Pt§ItL^y/;vjtmt, 7 

*U P4fl^*^fl«H^t:°7 PJgfcf«LT$ft^ 

[0 3 8 6] -y-y^i/j fc^t®nfc^igs©ffi«^ 
mw^mnmi, ^yf^h^yf^-Eic-o^x^m 
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j£©VX?±fcJM2tl7cG a NfrS&£*°y$g B B B ^ 
fi!«H H2 4 00/1 m©T£M^)]Mfc < £ <fc 9 10 

mmkWaM^mMn^ 4 0 0|imxeoo/i momfiB 
<»m<omK:%Z <fc 5 £ 2 MWuBfc^L/io P 

HGaAslS©<l l-2 0>#|R|fcft^TWt, 

y 7> l, moj;^ seat £ o rpj«ffiii^ii« 

ttfcWfftfcfc^Tlfr-fc'rSi: fc^t« 0 +fy7 
1 l-2 0>fcl/fetf, <i-i ootuts^, 

[0 3 8 7] [UMlJ 4 (G a NS?£fit t§ ; H 1 
3)] GaN^ISs^ G aN^iSH^f^LTG aN« 

il0lKK J ?"CS3<, ^fiDStgH: 1 0 n m~5 0 /* mfcfc? 

eo^T^/c 0 s6t<sa<»tiSii>feHa5oo/i 

7V- h ^ffS b/to 7 1 V V V ^77 ^ SHS 

[0 3 8 8] m&tLxcmzmtt&vyyJvg 
«6 i^ffl«t/c (Hi 3 (i) ) o vyrJ^me 

1 Ogffit^ftH V P ES^Jf$^3 /i m©G a NXk° 
I6 2*^ffit^g*^c (HI 3 (2) ) o ^77^ 
■VSK±©G a Nl©±tiEHft^©a©^[nI^G a N 
©< 1 1 -2 0>tWt*^<fc^^^;V7°^-h§*3 

^T^a)±^e)G aNWu^tfss^/co a»Lta 

h^StSi:, G aNl©±tatLT©ltS?6 3 
3 (3) 

[0 3 8 9] a NftS^fc ^igUG aN« r 

&*??\s7U-}>*t%LG aNl±fcScAJL/c2fiH 

ty^N : ft £ LT G a N J|i£g B B B»MEBL/c G 
aNi-J^^7 7^^S« 

•9-^71/0 : Ut LT G a N^£g B B B »MEBL/c G 
aNS-0^t>-7 7^a« 

[0 3 9 0] Ctl5»S«±t, HVPESWoTGa 
N©^^I^S?«ft„ ?-©#ffitt^»MK 2, 3 

HBL, Ga#-Pa8 0 0°CttaiiL, HClt;J<* 
#X£G a^-h'V 7y^-7t7j<^X^-t7^ 
G a C 1 ^MtT^G, 7y^-7tSJS 
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[0391] (z-mmm) 
j&mms. i o 5 o °c 

NHs ftl± 0. 3 a t m (3 0 k P a) 

HC1#£E 2. 5X10" 2 atm(2. 5kPa) 

f&mm i o Htrai 

m 1 4 0 0 ii m 
[0 3 9 2] CCJtftt^oT, Si 400jim©Ga 

Cgffiff«LTtx/c 0 IWc^l 3 (4) t^-T 10 
cfc^ftfcCtfto/to M-fr.ftm<07 7tey hffi6 6fr 
h^WcMBiJiEL^E^-c'^ffitSo t°7 

D 5 0 0 /x m©H 7 b WILT#ftt«. tf y h 
(Cffi) ffSSo h 0 yM£6 9£«f? 
TS^ 77*7 hffi6 6 J;»3fejS^©^^giJ©7 7 
*7hffi (cf«t»n^tl\) £tl/0^5fc©fc 

[0393] m9m<m^mm.m^mm 

(H) 6 5"C$D, (K) 7 0fc<fcoTtt9J6 20 

ftT^3 0 7 7*7hffi6 6©*T^$£JlfMK7 0?) 

MOTiS^ffil5fii#^z (6 4) -ess,, ¥±iffi 

s d t° 7 MS 6 9 -paiTM^fifi (h) 6 5 -ae 
3 ^iTtt^o 77*7 h 6 6 -m&mmvm 

[0 3 9 4] +fy7;l/N, o©a*S«H£W<gSfr?>fiff 
Hijflnxfcfr ofco s-flffi^OTJiraxLT'9-7 7^-va 

«6 1 ta (ae?) 6 3£HD«fci/fe 0 ^etss 30 

M»XLT t° 7 hW^WfiSffii b/co 2 6 
fcffl|gL/c¥ffi¥M©igffi£^¥fMafMi: b/c 0 2 

[o 3 9 5] gi 3 (5) t¥a¥rfSfM^to rai 
^i*^ii«H t zmimm^imimmwM z , 

cnsaiiN, oa, sffi* (oooi) 

mmmMMmzmm l < , mtmv) xmm 
o/im~7 o jtmogfi^&ofco cnaa^s^ae 

[0 3 9 6] P^^RS^^^HC^affiSgC^RS 

< mm Kft? TMmm'ptZo (70) 50 
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fxU huft i.nU / , 'ih.'nWKH nmH ^ , U jh J , 
mtmmmtimyfjvx^ 5 x 1 0 6 c m 2 «t 

■9-y7;l/N : l x 1 o 6 c m 2 
*fy~f)V0 : 2X 1 0 6 cm~ 2 

[0 3 9 7] mm 4"1>\t*2)WU-\>tei.<D T 'Ml 

« HfeBSig^iS < six c © <t ^ tae^ & rai^Pfi 
N^ig^ae^ (^y7;PN) -pfcG aN^ignae 

? (^y7>0) -pfeM^fti/^fe^ofco 
[0 3 9 8] CCTM«»^/ci6tG aNg# 

a«6 1 ttt>Km6 3m£t%frZ3&<D¥tBMi 

[0 3 9 9] [HMiJ5 (T*a«-gPSMgMi:t 
S I HI 4) ] aStLTCffi^ffittS^77^-Y 
a«7 l^fflStfc (014 (1) ) 0 ^7 7^a« 
7 1 ©gffifc^fcMOC VDSTg$S2 /xm©G aN 
Xtfl7 2^ffitJ«ft$*/t (014 (2) ) 0 

[0 4 0 0] -34 0 0 /im©IEH^^©21©^|Rl^G 
aN72©<l l-2 0>tTO^<fc^iE^IS: 
^<tt!Sfe/ca/^-y^7 7^^aS h<D tfc 

©G a NI 7 2 ttg7 0 fi mOR^li^Co Hi 
4 (3) t^-Ti^taSo G aN!7 2©±J:DfeT 
iIIK«?R^7 3©±-e©G aN^ft^llt 

5o ■zfrzmftoTt&wmmi 3t>mtLTwm 
Lo%o mm 5\tc(D^ \z ymmum^mmi 7 3 

tt%$><VV&%o CWifteffl^&l/^^Ga 
N«MJS^< U^fe7*hUV^97^tj;- 3 TiE5| 

tffi«^ii>T* t « t ^ -5 ftn^c^^sso c ©a^^ 

-yfeb°7f"4 0 0/xm, 8^7 0 /im-efeSAlH^jfti 

/^-ypsSo cti^^-yp tb^(D/^-yp 
m^w&my7)yv ttz, vyfiw ■ nt lt 
mmymm^zt-oG a Ni^?^7 7^-t 
a« 

[0 4 0 1 ] CCoa«P±t, HVPEStioTGa 

3, 4TJi^/cfe©t^H;^S^o ±73tGa#-h^ 
T7Tt'9--t7°^^fe^SJS^©^-fe7°^©±t^-fe7°^ 
a«^S«L, Ga^-htt8 0 01C«±fcfti*U H 
C 1 i!7j<fg#X£G a^-h'V 7y*:=-7timfi7> 
%V'fr?Z'\tW ! £, GaCl^iLT^ 7y* 



77 

[0402] (z-mmm) 

iSftSfi 1 0 3 o °c 

NH 3 #EE 0. 2 5 a tm (2 5 kP a) 

HClftEE 2. 0X10" 2 atm(2kPa) 

jtftBtrsi 1 2 Htrai 

S 1 5 0 0 ii m 
[0 4 0 3] CCJtftt^oT, Si 5 0 0/xm©Ga 

(4) fc^-ri^atota-afeo w-f^nmvyr*. io 

7 hffi7 6fr5,&£t°7 h^fSffi«'JiEU^iJ-<?# 

fcffiTU LT33 D *g 4 0 0 /x m© h° 7 h WgLT#£ 
t« 0 t°7 MH£fciTOf|57 7 (Cffi) ^feSo t>h 

jg7 9£tm^^ 7 7*>ym7 6&*)t>mm 
[0 4 0 4] jg7 9tM<g^raixr B *&®^ 

(H) 7 5T&^ f£H&W (K) 8 0^<koTtt^J6 
ntV^So 77-b7hffi7 6©«TT|g^eWK8 0© 20 
^WiS^ffil5fiiff^i^Z^£S 0 ¥fiffi7 7©* 
TWSIIffifs{45j« (Y) 7 8m 

h s 7 9 - rai^r H *^^ ch) 7 5 - 11 7 3 #±t 

tt^o 7 7-fe7 h7 6-#|g H B B fgfE{iil#M« (Z) 
7 4, *3j:WigP7 7-^ H B B fgf^M« (Y) 7 

[0 4 0 5] ^y7;J/P©a«Hfl^&3fre>OTJiin 

XW^Tco Sf'«ffiOTiJtoXbT^77^^S«7 
1 fcG aN!7 2 (S7 3£$frg^) £§JD-gt U 

/to ^^mm'mar.LT^y b&w&^wm 30 

ffitL/to 2 5fcfflJgL/c¥ffi¥?i©^ffi£fcoflS* 
KtL/co 2^y«fi^^©GaN»f 

sti/co in 1 4 (5) t¥ia¥ma**^to msikps 
*^I«h t ©sflJ©¥ig H H B ffiefuifffil^ z , ? 5 

[0 4 0 6] utlCStgN, Ott, Sffi£ (0 0 0 1) 
m§.V&-miC'Mmi^7L%fc tfV&%o C L^TEM 

z , Jii£g B B B {fiMui« y mmtmitz c t # -c£ 40 

0ftfW4BtM/u^/co ^© (ffiW J£R«*i£JB 

mmmM^mmnmmm^ 50 11 m<Dn 

ST?£ o /Co 7 * h 'J V ?77>f ^T«S«Mffi 7 3 

^j£« t ffM l t i^s ^ e. as© hz-d t * v >& v\ (4 

[0 4 0 7] r4il^PM^1i«H©^a^g©^PS 

< *n« TfifiLtts^-rSo fsnewK (so) 50 
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6 L*ns /c^t?«ts +fy7 

>H n II 1 I I 'Hi in / ^iSHffifsfi^MMY 
^©TO^Mu^ga 1 X 1 0 6 c m 2 

[0 4 0 8] MJ;)tGaNl^KL/cT« 
«Mffi 7 3 fcPai^*^g«H©fii; LT$*3 C 

G a N 8: £ 5 -WJ D K3©/cfr 5. G a N£g B B B ©J?&73 ft 
[0 4 0 9] KStfJ 6 (GaNlfe A ; H 

1 5) mmmeic^rr.nmmyf^mML 

tco — o&UffifJi \z.is^x^fa^-y k (M>W 

-ymmM%5 0 iim, PMt?y^4 0 0/jm) IC 
ioTffitL/cG aNSS-eSS (01 5 (1) ) 0 C 

m±, KtTW«*^£^nTi^fc©T\ gffitox 

[0 4 10] t>5— Ott ^77-f -VaiKXtS i 0 2 
iil£$l£-e/c&©£fflt^o cn^ SSfrUfctf 
77^SS±£M0C VD&fc«fcDAM?2 /xm©G a 

m©S i0 2 ffSiMILT, ytvvv^fyy^-ic 
[041 1] ctie.-9-y7;i/Qt-9-y7;i/R^fflt/^T, 

Lfc (Hi 5 (2) (3) ) 0 CftfcB\ CtlST©H 
ffiMt^CHVPE^fiScftSiLTflfflL/co SJS^P 

#fib> 1 0 3 0 tOilfitTG a Nxh°^^y 

Wco X t! ^ ^ ^ ;l/l©jSft^ff t O^T a 

Tta©tfe ( ;^S^o ftfcx f-y7;l/Q, +J-y7;VR© 

M$LW&J#£ 3 0mm|T«o 
[0 4 12] (iflSlff) 

j^ftsa 1 0 3 0 °c 

NH 3 ft!± 0. 2 5 a t m (2 5 k P a) 
HC 15>J± 2X1 0" 2 a tm (2 kPa) 

mmm sio mm 

[0 4 1 3] %(Dm$ks W7)\/Q, y-y7)VR£t>lC 
JJS^l 0mmfSg©G aN|gsl©^ydf7 h^f#Stl 
/to o©ro©^ydf7 h^WftiQ^yd^y R 

•fyxyh^j;^ e:ns©-ryjy httwenff^ 

«©Sffim^tLTJtftLT^/co f-ft^^, tc©^ 
T, g4 0 0 fim©77-b7 hfrZtZZVv V^§L^B 
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[0 4 14] 5 St, Q^ydf<y h&tfR^yrfy h© 

S£«t«LI«tlllL/Co Q^>37h©lf» 

Hi 5 (3) Kmtc ^olSS, QJ-ydyhKSvr 

w^mmmmwm 5 5 H©±tap«M^ 
mm%5\\m\rmv^mu m^mmmwm 10 

5 4 Z^¥ig B B B ffilEfu^®«5 8 Y©±ttof : bfe- 

$immm 8 8 y © h e> lt c t aw 

ofc 0 t^/u, OTW H *&®M8 5H©Matt, 7 
7-fe7 h®8 6fr6ft3£y h©g8 9 tfuBLTt^ 

So 

[0415] cnsrfinc^yd'-y htx^^xtox 

x, w^imx^ffiL/co x^Xitaxtkt 7^-7 
-^ffl^/to ^©fSH> wfti©^yrf7hfre>9tt 20 

fo©G aNSI^ffSn/c (015 (4) ) „ 
[0 4 16] Ctl5©8» J&gfiD»DfiD2~38«3; 

fiWf§^ji5ti/cft\ mmm 6 ~ 7 tttts^-e 
%%tmtiz>o cnscam (oooi) 
ffi, mttmux&v, mmitmmmmm 

J£L< 6 ni^fti fcMA^fe »9 , ^©J^Kli^^fe 

m 5 o ^ mgg^feo/co mmkmM^mmHff) 
miximimp%<, mmmmmmm^mn 
zicft^Tim&mm'ptZo mic^ximmk 30 
mmnMmvmfr 5 i^mm^s t c 5 § c 
1 1 mm 1 1 m ''v Pi, 1 tii ^ h nuj ^ > r-t'j ir^fe 
ttffiga, ^-rtife 5 x 1 0 6 c m~ 2 urx& 5 , m 

m&G aNSfStLTfJffltS^Sfc©^^ 
£g B B B )iil©x^ttft±t^ft^t$}ftK 

[0 4 17] 

M©M *^«7 7-t7 HSgfcioTfc!? h 
ggPtlsfu^feT^Cftog^^ffiMiftL, t°7 h 

mmic mmmm^mm h l xtmm ^mu 40 
wcmmmt Lxmm^mm, 

[0 4 18] (1) 77-f?7hffifr5ft3tf7l^£© 

( 2 ) 7 7 -fe 7 h ffifr 5 ft a tf 7 h ^©fsftll^© 

( 3 ) 7 7 7 h ffifr 5 ft S H 7 h (f»&0tefifc*£3B0 

[0 4 19] «|©^taoT, $g{u©H^LfcP4 
fl^PM^1i«H©{uH^iE«t$iJiIL, ffiM4©Sfc 50 
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# 'j 7 kwmmkt s ztt}*v%z 0 s /t*^© g 
a Nsstt, $e(uwijiel < mfevmw^mz 
#xm, TM™m&wft\c®mz>w>% (Win 
wmsmm z £ ¥fg B B B {g$s{ui« y ) x mmm 

X^m^X&Zo I nG aNt^ly-^^V^-F (L 
D) ftH©{Hfc{uG a NS&£LT§if 

So 

[0ffi©15¥ft»] 

[0 1 ] *^BM*«2 0 0 1 - 1 0 2 3 0 7mO$ 
^T|8L»7rt7 hffifr5>ftSt°7 h^ffM 
L«Lft^GaN££g B B B )tJt2^£7 7-t7 hitft 
&t fcW7 7 -fe 7 h «¥±^ftjSJt7tft £ ligijt tf 7 
h©rt^^tJtStS©«u^7 7-t7 hSIM? 
W^etiSi;i^ci»i§-ra/ci6©fWo (a) 

«7 7-b 7 vmmm^mLMittfmiicm d e 

7 h e^ffl S S c i: ^^ff4HHo ( b ) a \L 7 h ® t 

[02] #S&jl3#3WlW2 0 0 1 - 1 0 2 3 0 7^6 
^T^t/cgffit7 7-t7 hffi^5ft«tf7 h^ffM 
L*#Lft^SG aN^IS H B B fi!cft$^S7 7-fe7 h^cft 
Stfc'^T7 7 7 h tt¥±§«ftfiScft^^I t agtjt t° 7 
h©^ttJ^RtS©^ft 1 1 t|»7 7-fe 7 

Stv^ctW^-ra/cfc©H7 h©¥ffi0o 
[03] 2001-102307 ^t*3 

^T^LfcSffit7 7-fe7 hffi^5ft«t°7 h^ffM 
LUSfLft^SG aN^|g B B B j?)cfi^^«7 7-fe7 hJ^fi 
f£ttd^T7 7 -t 7 h ttTO^ftfiScft^^t ttffilfc 7 
hOftlRlttJEfigf SO"PJE£g 1 1 1> \z.WLl$7 7-b7 

att^< fef^^irH^smi^t^i^j^ ^ c tm 
wtzrzvxDVvWjmmo (1) ajSftttfetH 
7 h jg-\iEfu*m^ l T«7t^i icw nmummr 
zmmt&mmo ( 2 ) ajta 1 1 *> 1 1° 7 h 
m^MtL^m^bxm^^wifmmM^Mt^ © 

S ^Sfflff « fe ©^ft < Izifuft^^^Tfe D Izifu 
IgSt a^^jr^^l < ©T— 0^L/c$Efu^tf5» It 

x^xmicm^^^imiimmftmczc 

[04] Wc77-fe7hffi^5»ftSb°7h^ffML«l 
^Lft^ S G a N m^B&m 5 S 7 7 -b 7 h Jtftffit *3 
^T77-t7 ha¥±§WftJtft7t^]tagiJtb°7 h©^ 

i.'rj ^ ic mt 7 a vxm ttt icmttyr -t ■> v m 

< m i; mi&m-SMxm mmm^mm h 
ic&}%Lfflvrcmmc$mmm^%(DXMitfm 
m vzet t ^^mmm^mtii^) 7 l 



(42) 



81 



Ho ( i ) mm kf&KVvY m^Mtm^Lxm 
^^ctmmtmmm 0 (2) immttt>ic^y 

[05] TtS«©±tfl^EHL^©±tG aN^7 

7 -fry hmzvr^y vmrnmnmrnm^ 

©M <o tJfig||fg|EfuiffM« Z U ^ ©M D 
¥£g B B B {g$z;{u|« Y mm cfc a L/c*^(7)Wi 
B B B ^#U7Aa«©)»3r£^m 10 
[06] TS&g&©±£@£K»L*<£)±£G aN£7 
7 •fey hJtft?-feTh°7 hfiMi^i^iiH^ 
©M D fc¥£g B B B ffi$M{»1 Z £ffM U ^©JM D 

Mtmitfiv VLML<D]&m-mz*t s m®o a©E» 

[07] TtiSS©±^i^ia«L^cD±(.:G aN^7 
7fey h$ft^Tk°7 H£tBI«^RB*^|«H** 
©MDt^mglSfiifWZ^ffML, ^©JiDt 20 

T*S«»£L«i: L/c*^©^^! 
WJ72>a«©fffi0o 

[08] T«S«©±tfl^A0M»^-y^EK 

[09] T«a«©±tfMra0^tt/^-yeEB 
[010] T«as©±ica^r@M»^-yT« 30 

©^«73S^t¥ffi0o 

[01 1] TifiS«©±tGaNxt:m$ft£fe\ 
©±tfl^E«LG aN^7 7fey h$g£#Ttfy h 
JgtPai^M^iI«H^©M D tiPS B B B ffi?sf]» 

t3-S«fc 5 t LTSH^Jtft^'fe/tf^ TSfiSfgi: G a N 
[012] TtffJa«®±t*gta^E«LG aN^7 40 

7 -fey vm-z^z^v mfcrnwdmsmnzz 
(dm q icwmmMmmm z «m ^©m d k 
w&Mstmimmm y fc&w-a * a t lti^mi? 

t ^ s ¥£g B B B sft;# u 7 ^a«©iSft 73 s^^-r 0 O 

[01 3] ^7 7^-tftH©Sfia«©±tG aNXt° 
l£jtft£fe\ j e©±tGaNe?"efeSS*E»bG 

aN^77fey hjtft?^TH7 mmmnmm 
m\^m \> tJ|iig B B B ffi$E{uiffiiig( z »iu * 

©M D t¥lg B B B ffi$E(u*1i« Y fc&tfS i^t LTfgH 50 
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^77^-¥a«tG aNltiaS 
L¥±lt bfc*^©HffifJ 4 fcfr^¥£g B B B Sft#y 

[01 4] ^^WIO^fiOitG aNlf 
JI£$ft2fe\ G aNxt°ltX7^7^B£tJ:D^ 
f©^©±tG aN^77fey hjSft^'feTt: 0 
y h)gtrai^ffi*^1i«H^^©MD t¥lg B B B ffi$Efu 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the defect of dislocation which rises like mist from the 
central part of the pit of a facet surface and causes a radial surface defect in a facet growth method 
for growing gallium nitride while forming and maintaining the facet, and also to eliminate the defect 
in which the positions causing the pits are not identified and thus a device to be laid on a substrate is 
not designed. 

SOLUTION: GaN is raised through facet growth method regularly forming seed patterns on a base 
plate and then forming and holding the pit composed of the facet thereon. Closedly assembled 
regions H for defects is formed at the bottom of the pit composed of the facet surface, and 
dislocations are assembled into the region H and a region Z accompanying low dislocations for 
single ciystal and an extra region Y for low dislocations of the single crystal around the region H are 
subjected to low dislocation. The closedly assembled region H for defects is closed, so that the 
dislocations are confined and are not re- released. 
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CLAIMS 



[Claim(s)] 

[Claim l]It is a gallium nitride substrate characterized by comprising the following, and 
is a substrate face. 

The closing defect collective region H which is a closed field which contains in an 
inside the core S to which defects of a large number which penetrate a substrates face 
and are extended gathered, and is distinguished by the grain boundary K. 
The single crystal low dislocation company field Z which accompanied to the closing 
defect collective region H, and was formed in the circumference. 

The single crystal low dislocation complementary field Y which exists in the exterior of 
the single ciystal low dislocation company field Z, and has the same crystal orientation. 

[Claim 2]Thc closing defect collective region H which is a gallium nitride substrate and 
is a closed field which contains in an inside the core S to which defects of a large 
number which penetrate a substrates face and are extended in a substrate face gathered, 
and is distinguished by the grain boundary K. A single crystal gallium nitride substrate 
making into one unit a ground tissue object which consists of the single crystal low 
dislocation complementary field Y which exists in the single crystal low dislocation 
company field Z which accompanied to it and was formed in the circumference, and its 
exterior, and has the same crystal orientation, and being constituted by combination of 
two or more ground tissue objects. 

[Claim 3]The single crystal gallium nitride substrate according to claim 1 or 2 which the 
closing defect collective region H serves as polycrystal, and is characterized by the 
single crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y being single single crystals altogether. 

[Claim 4]The single crystal gallium nitride substrate according to claim 1 or 3, wherein 
the closing defect collective region H consists of a crystal grain more than a piece which 
has different crystal orientation from the surrounding single crystal low dislocation 
company field Z and the single ciystal low dislocation complementary field Y. 
[Claim 5]The single crystal gallium nitride substrate according to any one of claims 1 to 
3 consisting of one or more crystal grains which have different crystal orientation 
although only the surrounding single crystal low dislocation company field Z, the single 
crystal low dislocation complementary field Y, and the direction of the closing defect 
collective region H of <0001> correspond. 

[Claim 6]The single crystal gallium nitride substrate according to claim 1 or 2, wherein 



the closing defect collective region H turns into the surrounding single crystal low 
dislocation company field Z and the single crystal low dislocation complementary field 
Y from a single crystal which only 180 degrees of the <0001> directions reversed in 
crystal orientation, and polarity has reversed. 

[Claim 7]The closing defect collective region H with the surrounding single crystal low 
dislocation company field Z and the single crystal low dislocation complementary field 
Y. The single crystal gallium nitride substrate according to any one of claims 1 to 3, 
wherein crystal orientation consists of a crystal grain more than a piece with crystal 
orientation which 180 degrees of the <0001> directions reversed and polarity has 
reversed. 

[Claim 8]The single ciystal gallium nitride substrate according to any one of claims 1 to 
3, wherein the closing defect collective region H turns into the surrounding single 
crystal low dislocation company field Z from a crystal grain more than a piece divided 
with a surface state defect. 

[Claim 9]The single ciystal gallium nitride substrate according to any one of claims 1 to 
3, wherein the closing defect collective region H turns into the surrounding single 
crystal low dislocation company field Z from a crystal grain more than a piece divided 
with an aggregate of a line defect. 

[Claim 10]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective regions H are single crystal regions which the 
surrounding single crystal low dislocation company field Z is divided with a surface 
state defect, and have the same crystal orientation as the surrounding single crystal low 
dislocation company field Z. 

[Claim 1 l]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective regions H are single crystal regions which the 
surrounding single crystal low dislocation company field Z is divided with an aggregate 
of a line defect, and have the same crystal orientation as the surrounding single crystal 
low dislocation company field Z. 

[Claim 12]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is a crystalline region which the 
surrounding single crystal low dislocation company field Z is divided with a surface 
state defect, and includes a crystal defect in an inside. 

[Claim 13]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is a crystalline region which the 
surrounding single crystal low dislocation company field Z is divided by set of a line 
defect, and includes a crystal defect in an inside. 



[Claim 14]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H consists of one or more crystal grains 
which have the crystal orientation slightly inclined to crystal orientation of the 
surrounding single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y. 

[Claim 15]A single crystal gallium nitride substrate given in any of claims 1, 2, 12, and 
13, wherein a crystal defect included in the closing defect collective region H is a line 
defect or a surface state defect they are. 

[Claim 16]The single ciystal gallium nitride substrate according to claim 2 which 
diameters of the closing defect collective region H are 1 micrometer - 200 micrometers, 
and is characterized by carrying out isolation distribution in a substrate face punctiform. 
[Claim 17]The single ciystal gallium nitride substrate according to claim 2 which 
diameters of the closing defect collective region H are 20 micrometers - 70 micrometers, 
and is characterized by carrying out isolation distribution in a substrate face punctiform. 
[Claim 18]The single ciystal gallium nitride substrate according to claim 16 or 17 
characterized by shape of the closing defect collective region H being an infinite form in 
a substrate face. 

[Claim 19]The single crystal gallium nitride substrate according to claim 16 or 17 
characterized by shape of the closing defect collective region H being circular in a 
substrate face. 

[Claim 20]The single crystal gallium nitride substrate according to claim 16 or 17 
characterized by shape of the closing defect collective region H being a polygon in a 
substrate face. 

[Claim 21]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein penetration dislocation density of an average in the single crystal low 
dislocation complementary field Y and the single ciystal low dislocation company field 
Z is below 5x10 6 cm" 2 . 

[Claim 22]The single crystal gallium nitride substrate according to claim 1 or 2 
characterized by penetration dislocation density being slightly high and being below 
3x10 7 cm" 2 in a field 30 micrometers near the closing defect collective region H in the 
single crystal low dislocation company field Z. 

[Claim 23]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein penetration dislocation density in the single crystal low dislocation 
complementary field Y and the single crystal low dislocation company field Z decreases 
as it is isolated from the closing defect collective region H. 
[Claim 24]The single crystal gallium nitride substrate according to claim 1 or 2, 



wherein the surface is a field (0001). 

[Claim 25]A single crystal gallium nitride substrate given in either of claims 1, 2, 6, and 
7 to which the surface of fields other than the closing defect collective region H is a 
field (0001), and only the closing defect collective region H is characterized by the 
surface being a field (000-1). 

[Claim 26] A single crystal gallium nitride substrate given in either of claims 1, 2, 6, and 
7, wherein the surface of fields other than the closing defect collective region H is a Ga 
side, and only the closing defect collective region H differs in surface polarity and is a 
nitrogen side. 

[Claim 27]The single crystal gallium nitride substrate according to claim 25 or 26, 
wherein only the closing defect collective region H has a level difference a little on the 
surface and is low on it to fields other than the closing defect collective region H. 
[Claim 28]The single ciystal gallium nitride substrate according to claim 1 or 2, 
wherein a great portion of rearrangement is extended in parallel with C side in the single 
crystal low dislocation company field Z. 

[Claim 29]The single ciystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is extended at right angles to c shaft 
orientations in an inside of a substrate crystal. 

[Claim 30]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is extended at right angles to a substrate 
face in an inside of a substrate crystal. 

[Claim 3 l]The single crystal gallium nitride substrate according to claim 24 making the 
surface into a field (0001) by polishing work. 

[Claim 32]The single crystal gallium nitride substrate according to claim 2 arranging 
regularly the ground tissue object Q which consists of the central closing defect 
collective region H, the single crystal low dislocation company field Z surrounding it, 
and the single crystal low dislocation complementary field Y surrounding it to a 
substrate face with periodicity. 

[Claim 33]In arranging regularly the ground tissue object Q which consists of the 
central closing defect collective region H, the single ciystal low dislocation company 
field Z surrounding it, and the single crystal low dislocation complementary field Y 
surrounding it to a substrate face with periodicity, so that it may become the maximum 
dense arrangement in two dimensions, The single crystal gallium nitride substrate 
according to claim 32 characterized by arranging the ground tissue object Q to a 
substrate face so that the closing defect collective region H may agree on a vertex with 
the 6 times symmetry which consists of a repetition of an equilateral triangle of an 



identical size of an equilateral triangle of a symmetrical 6 times arrangement pattern. 
[Claim 34]The ground tissue object Q which consists of the central closing defect 
collective region H, the single crystal low dislocation company field Z surrounding it, 
and the single crystal low dislocation complementary field Y surrounding it. The single 
crystal gallium nitride substrate according to claim 33 to which the direction of a 
neighborhood of an equilateral triangle of a symmetrical arrangement pattern is 
characterized [ in making it arrange to a substrate face regularly with periodicity ] by 
being <1-100> direction as for a direction, i.e., 6 times, with which the closing defect 
collective region H is periodically located in a line in the shortest pitch. 
[Claim 35]The ground tissue object Q which consists of the central closing defect 
collective region H, the single ciystal low dislocation company field Z surrounding it, 
and the single crystal low dislocation complementary field Y surrounding it. The single 
crystal gallium nitride substrate according to claim 33 to which the direction of a 
neighborhood of an equilateral triangle of a symmetrical arrangement pattern is 
characterized [ in making it arrange to a substrate face regularly with periodicity ] by 
being <1 1-20> direction as for a direction, i.e., 6 times, with which the closing defect 
collective region H is periodically located in a line in the shortest pitch. 
[Claim 36]The ground tissue object Q which consists of the central closing defect 
collective region H, the single crystal low dislocation company field Z surrounding it, 
and the single crystal low dislocation complementary field Y surrounding it. So that the 
closing defect collective region H may agree on a vertex with the 4 times symmetry 
which consists of a repetition of a regular tetragon of an identical size of a regular 
tetragon of a symmetrical 4 times arrangement pattern in making it arrange to a 
substrate face regularly with periodicity, The single crystal gallium nitride substrate 
according to claim 32 arranging a ground tissue object to a substrate face. 
[Claim 37]The single ciystal gallium nitride substrate according to claim 36 to which 
the direction of a neighborhood of a regular tetragon of a symmetrical arrangement 
pattern is characterized by being <1-100> direction as for a direction, i.e., 4 times, with 
which the closing defect collective region H is periodically located in a line in the 
shortest pitch. 

[Claim 38]The single crystal gallium nitride substrate according to claim 36 
characterized by the direction of a diagonal line of a regular tetragon of a symmetrical 
arrangement pattern being <1-100> direction 4 times. 
[Claim 39]The single crystal gallium nitride substrate according to claim 2 
characterized by arranging a ground tissue object to a substrate face so that the closing 
defect collective region H may agree on a rectangle of a symmetrical 2 times 



arrangement pattern or a vertex of a lozenge with the 2 times symmetry which consists 
of a rectangle of an identical size, or a repetition of a lozenge. 

[Claim 40]The single crystal gallium nitride substrate according to claim 39, wherein 
the direction of a shorter side of a rectangle of a direction, i.e., a two-times symmetrical 
[ the closing defect collective region H ] arrangement pattern, periodically located in a 
line in the shortest pitch or a short diagonal line of a rhombus is < 1 - 1 00> direction. 
[Claim 41]The single crystal gallium nitride substrate according to claim 39, wherein 
the direction of a shorter side of a rectangle of a direction, i.e., a two-times symmetrical 
[ the closing defect collective region H ] arrangement pattern, periodically located in a 
line in the shortest pitch or a short diagonal line of a rhombus is <1 1-20> direction. 
[Claim 42]The single ciystal gallium nitride substrate according to any one of claims 32 
to 41, wherein the shortest distance L of the closing defect collective region H where a 
ground tissue object adjoins in a substrate face arranged regularly is 50 micrometers - 
2000 micrometers. 

[Claim 43]The single ciystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is extended to c shaft orientations in an 
inside of a substrate crystal and has penetrated an inside of a substrate crystal. 
[Claim 44]The single crystal gallium nitride substrate according to claim 1 or 2, 
wherein the closing defect collective region H is extended at right angles to a substrate 
face and has penetrated an inside of a substrate crystal in an inside of a substrate crystal. 
[Claim 45]Gallium nitride crystal growth which grows up a gallium nitride crystal with 
vapor phase growth on a substratum substrate characterized by comprising the 
following. 

The closing defect collective region H which is the closed space which consists of the 
core S to which defects of a large number extended in the direction vertical to a 
substratum substrate side gathered, and the grain boundary K which surrounds it. 
The single crystal low dislocation company field Z which is a single crystal 
accompanied to the circumference of the closing defect collective region H. 
It exists in a periphery of the single crystal low dislocation company field Z, and is the 
same crystal orientation. 

[Claim 46]Gallium nitride crystal growth which grows up a gallium nitride crystal with 
vapor phase growth on a substratum substrate characterized by comprising the 
following. 

The closing defect collective region H which is the closed space which consists of the 
core S to which defects of a large number extended in the direction vertical to a 



substratum substrate side gathered, and the grain boundary K which surrounds it. 
The single crystal low dislocation company field Z which is a single crystal 
accompanied to the circumference of the closing defect collective region H. 
It exists in a periphery of the single crystal low dislocation company field Z, and is the 
same crystal orientation. 

[Claim 47]Form in the crystal growth surface a pit which consists of facet surfaces, and 
the closing defect collective region H is continued and grown up into a pars basilaris 
ossis occipitalis of a pit, By drawing a rearrangement of the single crystal low 
dislocation company field Z around the closing defect collective region H, and the 
single crystal low dislocation complementary field Y, and disappearing or accumulating. 
A growing method of the single ciystal gallium nitride substrate according to claim 45 
or 46 reducing a rearrangement of the single ciystal low dislocation company field Z 
and the single ciystal low dislocation complementary field Y. 

[Claim 48]Thc core S of the closing defect collective region H formed after a pit which 
consists of facet surfaces with crystal growth goes up is polycrystal, A growing method 
of the single crystal gallium nitride substrate according to any one of claims 45 to 47, 
wherein the single crystal low dislocation company field Z accompanied to the 
circumference and the single crystal low dislocation complementary field Y in the 
exterior are the single crystals of the same direction. 

[Claim 49]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
consists of a crystal grain more than a piece which has different crystal orientation from 
the single crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y. 

[Claim 50]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
consists of a crystal grain more than a piece which has the crystal orientation from 
which only the single crystal low dislocation company field Z, the single crystal low 
dislocation complementary field Y, and a <0001> axis are in agreement with, and other 
directions differ. 

[Claim 51]The single crystal low dislocation company field Z and the single crystal low 



dislocation complementary field Y in the exterior are the single crystals of a uniform 
direction, and the closing defect collective region H. A growing method of the single 
crystal gallium nitride substrate according to any one of claims 45 to 47, wherein the 
single crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y are single crystals which only 180 degrees of the directions of 
<0001> reversed, and polarity has reversed. 

[Claim 52]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, and the closing defect collective region H. A growing method of the single 
crystal gallium nitride substrate according to any one of claims 45 to 47 becoming the 
single crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y from a ciystal grain more than a piece which 180 degrees of the 
directions of <0001> reversed, and polarity has reversed. 

[Claim 53]The single ciystal low dislocation company field Z and the single ciystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the grain boundary K which the core S of the 
closing defect collective region H consists of one or more crystal grains, and surrounds 
the core S is a surface state defect. 

[Claim 54]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the grain boundary K which the core S of the 
closing defect collective region H consists of one or more crystal grains, and surrounds 
the core S is an aggregate of a line defect. 

[Claim 55]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
is a single crystal with the same crystal orientation as the single crystal low dislocation 
company field Z and the single crystal low dislocation complementary field Y and the 
grain boundary K which surrounds the core S is a surface state defect. 
[Claim 56]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 



is a single crystal with the same crystal orientation as the single crystal low dislocation 
company field Z and the single crystal low dislocation complementary field Y and the 
grain boundary K which surrounds the core S is an aggregate of a line defect. 
[Claim 57]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
is a crystalline region including a crystal defect and the grain boundary which surrounds 
the core S is a surface state defect. 

[Claim 58]The single ciystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single ciystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
is a crystalline region including a crystal defect and the grain boundary which surrounds 
the core S is an aggregate of a line defect. 

[Claim 59]The single crystal low dislocation company field Z and the single crystal low 
dislocation complementary field Y in the exterior are the single crystals of the same 
direction, A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the core S of the closing defect collective region H 
consists of one or more crystal grains with a direction slightly inclined from said single 
crystal. 

[Claim 60] A growing method of the single crystal gallium nitride substrate according to 
claim 57 or 58, wherein a crystal defect of a crystalline region which makes the core S 
of the closing defect collective region H is a line defect or a surface state defect. 
[Claim 61 ]A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the directions of average crystal growth in the 
single crystal low dislocation complementary field Y and the single crystal low 
dislocation company field Z are c shaft orientations. 

[Claim 62] A growing method of the single crystal gallium nitride substrate according to 
claim 61, wherein a pit which consists of facet surfaces has the shape of reverse 6 
pyramids, or the shape of reverse 12 pyramids. 

[Claim 63] A growing method of the single ciystal gallium nitride substrate according to 
claim 61, wherein pits which consist of facet surfaces are the reverse 12-sided pyramids 
of the two-step pile from which an angle of reverse 6-sided pyramids of a two-step pile 
or the side which angles of the side differ differs. 

[Claim 64] A growing method of the single crystal gallium nitride substrate according to 



claim 61, wherein indices of crystal plane of a facet surface which forms a pit are a 
{kk-2kn} side and the {k-k On} side (k and n are integers). 

[Claim 65] A growing method of the single crystal gallium nitride substrate according to 
claim 64, wherein indices of crystal plane of a facet surface which forms a pit are 
{11-22} side and {1-101} side. 

[Claim 66] A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47, wherein the closing defect collective region H following a 
pit bottom which consists of facet surfaces maintains the surface where indices of 
crystal plane differ from a facet surface which forms a pit and grows. 
[Claim 67] A growing method of the single crystal gallium nitride substrate according to 
any one of claims 45 to 47 with which indices of crystal plane are characterized by 
growing up considering a smaller plane direction of an angle of inclination as the 
surface unlike a facet surface in which the closing defect collective region H following a 
pit bottom which consists of facet surfaces forms a pit. 

[Claim 68]The closing defect collective region H following a pit bottom which consists 
of facet surfaces. A growing method of the single ciystal gallium nitride substrate 
according to any one of claims 45 to 47 having reversed only 180 degrees of the 
directions of <0001>, and polarity's being reversed, and growing up considering a 
smaller plane direction of an angle of inclination as the surface with the single crystal 
low dislocation company field Z and the single crystal low dislocation complementary 
field Y. 

[Claim 69]The closing defect collective region H following a pit bottom which consists 
of facet surfaces. Only 180 degrees of the directions of <0001> are reversed, polarity is 
reversed, and the single crystal low dislocation company field Z and the single crystal 
low dislocation complementary field Y are smaller plane directions, and an angle of 
inclination the plane direction, A growing method of the single crystal gallium nitride 
substrate according to any one of claims 45 to 47 consisting of {11-2-4}, {11-2-5}, 
{11-2-6}, {1-10-2}, {1-10-3}, and {1-10-4}. 

[Claim 70] A growing method of the single ciystal gallium nitride substrate according to 
claim 67, wherein a boundary of the closing defect collective region H following a pit 
bottom which consists of facet surfaces is an interface of a plane direction where an 
angle is smaller than a facet surface which forms a pit. 

[Claim 71]The closing defect collective region H following a pit bottom which consists 
of facet surfaces. With the single crystal low dislocation company field Z and the single 
crystal low dislocation complementary field Y, only 180 degrees of the directions of 
<0001> were reversed, and polarity is reversed, and the boundary, A growing method of 



the single crystal gallium nitride substrate according to claim 68 being in agreement 
with a boundary line of a facet surface which forms a pit, and a field where an angle is 
smaller than it. 

[Claim 72] A growing method of the single crystal gallium nitride substrate according to 

claim 61 growing up while the closing defect collective region H following a pit bottom 

which consists of facet surfaces concentrates and exists in punctiform. 

[Claim 73] A growing method of the single crystal gallium nitride substrate according to 

claim 47 growing up maintaining a diameter whose closing defect collective regions H 

following a pit bottom which consists of facet surfaces are 1 micrometer - 200 

micrometers. 

[Claim 74] A growing method of the single crystal gallium nitride substrate according to 

claim 47, wherein shape of a cross section of the closing defect collective region H 

following a pit bottom which consists of facet surfaces is an infinite form. 

[Claim 75] A growing method of the single crystal gallium nitride substrate according to 

claim 47, wherein shape of a cross section of the closing defect collective region H at a 

pit bottom which consists of facet surfaces is circular or a square shape. 

[Claim 76]A growing method of the single crystal gallium nitride substrate according to 

claim 61 existing in a form which the closing defect collective region H following a pit 

bottom which consists of facet surfaces was formed following on a pit bottom with 

growth, and was extended to c shaft orientations as a result. 

[Claim 77]The grain boundary K of a boundary of the closing defect collective region H 
at a pit bottom which consists of facet surfaces, and the surrounding single crystal low 
dislocation company field Z. A growing method of the single crystal gallium nitride 
substrate according to claim 61 reducing a rearrangement by collecting rearrangements 
extended in parallel with C side toward the closing defect collective region H from the 
single crystal low dislocation company field Z, and accumulating or extinguishing a 
rearrangement. 

[Claim 78] A growing method of the single ciystal gallium nitride substrate according to 
claim 61 reducing penetration dislocation by lengthening a rearrangement toward the 
closing defect collective region H based on pits in parallel with C side with crystal 
growth of a facet surface in a pit which consists of a facet surface leaning from C side. 
[Claim 79] A growing method of the single ciystal gallium nitride substrate according to 
claim 47 making the surface at the time of ciystal growth arrange regularly a pit which 
consists of a set of a facet surface and has the closing defect collective region H at the 
central pars basilaris ossis occipitalis, and making it carry out [ two or more ] crystal 
growth. 



[Claim 80]A pit which consists of a set of a facet surface and has the closing defect 
collective region H at the central pars basilaris ossis occipitalis two or more, In 
arranging regularly, it is made on the surface at the time of crystal growth to symmetry 
6 times. Namely, a growing method of the single crystal gallium nitride substrate 
according to claim 79 making a pit arrange and carrying out crystal growth so that the 
closing defect collective region H may be located at a vertex of an equilateral triangle 
supposing a set of an equilateral triangle of an identical size. 
[Claim 81]A pit which consists of a set of a facet surface and has the closing defect 
collective region H at the central pars basilaris ossis occipitalis two or more, A growing 
method of the single ciystal gallium nitride substrate according to claim 79 in making it 
arrange regularly making the surface at the time of crystal growth arrange a pit, and 
making it cany out ciystal growth so that the closing defect collective region H may be 
located at a square vertex 4 times supposing a set of a square of symmetry, i.e., an 
identical size. 

[Claim 82] A pit which consists of a set of a facet surface and has the closing defect 
collective region H at the central pars basilaris ossis occipitalis two or more, A growing 
method of the single crystal gallium nitride substrate according to claim 79 in making it 
arrange regularly making the surface at the time of crystal growth arrange a pit, and 
making it carry out crystal growth so that the closing defect collective region H may be 
located twice at a rectangular vertex supposing a set of a rectangle of symmetry, i.e., an 
identical size. 

[Claim 83]A pit which consists of a set of a facet surface and has the closing defect 
collective region H at the central pars basilaris ossis occipitalis two or more, A growing 
method of the single crystal gallium nitride substrate according to claim 79 which is 
characterized by the shortest distance between those pits being 50 micrometers - 2000 
micrometers in a center-to-center dimension in making the surface at the time of crystal 
growth arrange regularly. 

[Claim 84]In formation of the closing defect collective region H of a pit center section 
which consists of a set of a facet surface, Establish a kind which produces the closing 
defect collective region H on a substratum substrate, and crystal growth of the gallium 
nitride is carried out on a substrate, On a seed, form the closing defect collective region 
H, and the single crystal low dislocation company field Z is formed in a portion 
following pit facet surfaces other than a seed, A growing method of the single crystal 
gallium nitride substrate according to claim 47 making a position of a kind which it is 
made to grow up the single crystal low dislocation complementary field Y into a portion 
between adjoining pits which carries out C side growth, and established the pit middle 



position in a substratum substrate agree. 

[Claim 85]In formation of the closing defect collective region H of a pit center section 
which consists of a set of a facet surface, Establish a kind which produces the closing 
defect collective region H on a substratum substrate, and crystal growth of the gallium 
nitride is carried out on a substrate which has a seed, A growing method of the single 
crystal gallium nitride substrate according to claim 84 forming the closing defect 
collective region H on a seed when indices of crystal plane grow up a field of a 
shallower angle of inclination unlike a facet surface of a pit. 

[Claim 86] A growing method of the single crystal gallium nitride substrate according to 
claim 84 arranging polycrystal or an amorphous thin film on a substratum substrate as a 
kind of the closing defect collective region H. 

[Claim 87] A growing method of the single crystal gallium nitride substrate according to 
claim 86 arranging polycrystal or an amorphous thin film patterned after predetermined 
shape on a substratum substrate as a kind of the closing defect collective region H. 
[Claim 88] A growing method of the single crystal gallium nitride substrate according to 
claim 87 arranging polycrystal or an amorphous thin film which it was circular or was 
patterned after a polygon on a substratum substrate as a kind of the closing defect 
collective region H. 

[Claim 89] A growing method of the single crystal gallium nitride substrate according to 
claim 88 arranging polycrystal or an amorphous thin film whose diameters are 1 
micrometer - 300 micrometers, and which it was circular or was patterned after a 
polygon on a substratum substrate as a kind of the closing defect collective region H. 
[Claim 90] A growing method of the single crystal gallium nitride substrate according to 
claim 86 arranging a Si0 2 thin film or ShN 4 thin film on a substratum substrate as a 
kind of the closing defect collective region H. 

[Claim 91]A growing method of the single crystal gallium nitride substrate according to 
claim 86 arranging a platina (Pt) thin film on a substratum substrate as a kind of the 
closing defect collective region H. 

[Claim 92] A growing method of the single crystal gallium nitride substrate according to 
claim 86 arranging a tungsten (W) thin film on a substratum substrate as a kind of the 
closing defect collective region H. 

[Claim 93] A growing method of the single crystal gallium nitride substrate according to 
claim 84 arranging GaN polycrystal particles on a substratum substrate as a kind of the 
closing defect collective region H. 

[Claim 94] A growing method of the single crystal gallium nitride substrate according to 
claim 84 arranging a GaN single crystal particle on a substratum substrate as a kind of 



the closing defect collective region H. 

[Claim 95] A growing method of the single crystal gallium nitride substrate according to 
claim 84 arranging a single crystal side of dissimilar materials other than GaN on a 
substratum substrate as a kind of the closing defect collective region H. 
[Claim 96]After producing a GaN epitaxial layer on a substratum substrate, carry out 
etching removal of the GaN epitaxial layer selectively, and a substratum substrate is 
exposed, A growing method of the single crystal gallium nitride substrate according to 
claim 95 using the partial surface of an exposed substratum substrate as a kind of the 
closing defect collective region H. 

[Claim 97]Produce a GaN epitaxial layer on a substratum substrate, and a mask layer 
which consists of polycrystal or an amorphous thin film layer which consists of 
dissimilar materials other than GaN is formed on it, A growing method of the single 
crystal gallium nitride substrate according to claim 95 using a mask layer which carried 
out etching removal of the mask layer selectively, and was patterned after 
predetermined shape as a kind of the closing defect collective region H. 
[Claim 98]A mask layer which consists of polycrystal or amorphous thin film layers of 
a dissimilar material other than GaN is directly formed on a substratum substrate, A 
growing method of the single crystal gallium nitride substrate according to claim 95 
using a mask layer which carried out etching removal of the mask layer selectively, and 
was patterned after predetermined shape as a kind of the closing defect collective region 
H. 

[Claim 99]Polycrystal or an amorphous thin film patterned after predetermined shape is 
arranged on a substratum substrate as a kind of the closing defect collective region H, A 
growing method of the single ciystal gallium nitride substrate according to claim 87 
arranging an ELO pattern for performing epitaxial lateral overgrowth in the substratum 
substrate surface on which a seed does not exist, and performing GaN crystal growth on 
a substratum substrate which has a seed pattern and an ELO pattern. 
[Claim 100] Arrange an ELO pattern to a substratum substrate and a GaN thin film of 
low dislocation is grown up by the epitaxial lateral overgrowth method, A growing 
method of the single crystal gallium nitride substrate according to claim 87 forming 
polycrystal or an amorphous thin film layer which consisted of dissimilar materials 
other than GaN, and was patterned by predetermined shape on a low dislocation GaN 
thin film, and using as a kind of the closing defect collective region H. 
[Claim 101]A growing method of a single crystal gallium nitride substrate generating a 
pit in the kind of top preferentially by in carrying out crystal growth of the gallium 
nitride on a substratum substrate arranging a kind for pit generating to a substratum 



substrate beforehand, and growing up gallium nitride into a substratum substrate which 
has a seed. 

[Claim 102]As a kind for pit generating, by [ which patterned ], or arranging a thin film 
of polycrystal on a substratum substrate beforehand, and growing up gallium nitride into 
a substratum substrate which has a seed, A growing method of the single crystal gallium 
nitride substrate according to claim 101 generating a pit in the kind of top preferentially. 
[Claim 103] As a kind for pit generating, by [ which patterned ], or arranging a thin film 
of polycrystal on a substratum substrate beforehand, and growing up gallium nitride into 
a substratum substrate which has a seed, A growing method of the single crystal gallium 
nitride substrate according to claim 101 generating a pit so that a pit bottom may come 
to the kind of top preferentially. 

[Claim 104]By patterned SiCh or Si3N4 being amorphous as a kind for pit generating, or 
arranging a thin film of polycrystal on a substratum substrate beforehand, and growing 
up gallium nitride into a substratum substrate which has a seed, A growing method of 
the single ciystal gallium nitride substrate according to claim 102 or 103 generating a 
pit in the kind of top preferentially. 

[Claim 105] A growing method of the single crystal gallium nitride substrate according 
to claim 101 generating a pit so that a bottom may come to the kind of top preferentially 
by arranging particles on a substratum substrate beforehand and growing up gallium 
nitride into a substratum substrate which has a seed as a kind for pit generating. 
[Claim 106] A growing method of the single crystal gallium nitride substrate according 
to claim 105, wherein particles used as a kind for pit generating are GaN single crystal 
particles or GaN polycrystal particles. 

[Claim 107]A growing method of the single crystal gallium nitride substrate according 
to claim 101 arranging a kind for pit generating regularly to a substratum substrate, and 
arranging a pit regularly in a position of a pit generating kind with crystal growth of 
gallium nitride to a subsequent substratum substrate top. 

[Claim 108]The core S inside the grain boundary K which grows holding the closing 
defect collective region H in crystal growth, and is made at an interface of the closing 
defect collective region H and the single crystal low dislocation company field Z, and 
closing defect collective region H. It is made to grow up as a disappearance place or a 
storage place of a rearrangement extended from the single crystal low dislocation 
complementary field Y and the single crystal low dislocation company field Z, A 
manufacturing method of a single crystal gallium nitride substrate considering it as a 
gallium nitride substrate which gives polish and has the flat surface after machining a 
crystal obtained by obtaining a crystal which reduced a rearrangement of a single crystal. 



[Claim 109]Form in the crystal growth surface a pit which consists of facet surfaces, 
and the closing defect collective region H is continued and grown up into a pars 
basilaris ossis occipitalis of a pit, A manufacturing method of a single crystal gallium 
nitride substrate considering it as a gallium nitride substrate which gives polish and has 
the flat surface after machining a ciystal obtained by obtaining a crystal which drew and 
reduced a rearrangement of the single crystal low dislocation company field Z around 
the closing defect collective region H, and the single crystal low dislocation 
complementary field Y. 

[Claim 110]A manufacturing method of the single ciystal gallium nitride substrate 
according to claim 108 or 109 characterized by including at least one of slice machining, 
a grinding process, and wrapping processings as machining. 

[Claim 1 1 1]A growing method of the single crystal gallium nitride substrate according 
to claim 47 characterized by considering it as which material of GaN, sapphire, SiC, a 
spinel, GaAs, and Si as a substratum substrate. 

[Claim 1 12]Form in the ciystal growth surface a pit which consists of facet surfaces, 
and the closing defect collective region H is continued and grown up into a pars 
basilaris ossis occipitalis of a pit, growing up thickly a crystal which drew and reduced 
a rearrangement of the single crystal low dislocation company field Z around the 
closing defect collective region H, and the single crystal low dislocation complementary 
field Y, using it as an ingot, and carrying out slice machining of the crystal concerned ~ 
many ~ a manufacturing method of a single crystal gallium nitride substrate obtaining a 
gallium nitride crystal of several sheets. 
[Claim 1 13] A substrate face comprising: 

The closing defect collective region H which is a closed field which contains in an 
inside the core S to which defects of a large number which penetrate a substrates face 
and are extended gathered, and is distinguished by the grain boundary K. 
The single crystal low dislocation company field Z which accompanied to the closing 
defect collective region H, and was formed in the circumference. 

The single crystal low dislocation complementary field Y which exists in the exterior of 
the single crystal low dislocation company field Z, and has the same crystal orientation. 

[Claim 1 14]A substrate face comprising: 

The closing defect collective region H which is a closed field which contains in an 
inside the core S to which defects of a large number which penetrate a substrates face 
and are extended gathered, and is distinguished by the grain boundary K. 
The single crystal low dislocation company field Z which accompanied to the closing 



defect collective region H, and was formed in the circumference. 

The single crystal low dislocation complementary field Y which exists in the exterior of 
the single crystal low dislocation company field Z, and has the same crystal orientation. 

[Claim 1 15]The single crystal gallium nitride substrate according to claim 2 which 
diameters of the closing defect collective region H are 5 micrometers - 70 micrometers, 
and is characterized by carrying out isolation distribution in a substrate face punctiform. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The single crystal gallium nitride (GaN) board which can use 
this invention as substrates of a blue light element, such as a blue light-emitting diode 
(LED), a blue semiconductor laser (LD), etc. which consist of a 3-5 fellows nitride 
system semiconductor, And it is related with the growing method of a single crystal 
gallium nitride substrate (GaN), and the manufacturing method of a single crystal 
gallium nitride substrate (GaN). 

[0002]The light emitting device using a nitride system semiconductor (InGaN, GaN) is 
already put in practical use as blue LED, and is used. However, since a GaN board with 
a large area cannot be obtained, in almost all cases, insulating sapphire (alpha-aluminum 
2 0 3 ) is used as a substrate. Heteroepitaxial growth of the thin film of GaN or InGaN is 



carried out on the 3 times symmetry plane of sapphire, and LED structure is 
manufactured. LED of a GaN system using a SiC substrate was also proposed, and it 
has resulted in practical use in part. The blue LED of a GalnN system manufactured on 
the sapphire substrate emits light, although 10 9 - 10 10 cm" 2 also have dislocation density, 
and moreover it does not deteriorate, but it is long lasting in it. 

[0003]sapphire — manufacture — it is easy, and it is easy to receive and cheap. Since it 
is a strong crystal also stably and physically, as a substrate of a light emitting device, it 
is chemically suitable. It will be that there is also a track record as a substrate of blue 
LED, and a sapphire substrate continues being used also in the future. 
[0004]However, the light emitting device of a sapphire substrate has some faults. 
Cleavability is lacked, and I hear that it is insulation and it is. If there is no cleavage, a 
problem will arise in chip logging. Natural cleavage cannot be used when starting for 
every chip, after manufacturing much LED according to a wafer process on a sapphire 
wafer. An edged tool must cut for every chip (it is called dicing). Therefore, the yield is 
low and becomes a high cost. 

[0005]Since it is insulation, it cannot let current pass to a substrate. That is, a n type 
electrode (cathode) cannot be attached to the bottom of a substrate. Then, produce a n 
type thick GaN layer on a sapphire substrate, and the LED structure of an InGaN system 
is made with EPI growth on it, From p-GaN thin film of an upper crowning to n-GaN of 
the bottom of the heap, etching removal of the part is carried out, a part for n mold part 
is exposed, and it has the structure of attaching p electrode to upper top p-GaN of the 
portion which attached n electrode (cathode) here and remained in it. n-GaN must be 
taken as a quite thick conductive high thing. Both of electrodes must become the upper 
surface and must carry out the two times of the wirebonding. A process increases for 
such a reason and production time also increases. Since n electrode reduces emission 
areas, an emission area becomes narrow. Conversely, if it says, the chip area for 
obtaining predetermined light quantity will become large. Then, there is a tendency 
which becomes a high cost. 

[0006]Although these are the faults as a substrate of LED, since there is no cleavage 
when considering it as a semiconductor laser (LD), there is a difficulty that the 
resonator edge face of laser is unproducible by cleavage. It is necessary to form a 
resonator edge face over time by polish or etching. Another fault is the height of defect 
density too. GaN on a sapphire substrate has many defects about 10 9 cm" 2 . In the case of 
LED, it does not become a problem, but is efficient and emits light, it can be said that in 
the case of LD degradation begins based on a defect since current density is markedly 
alike and high. Although a sapphire substrate has a track record as a substrate of a blue 



InGaN light emitting device by such a reason, it cannot be said to be the still more 

nearly optimal substrate. 

[0007] 

[Description of the Prior Art]The thing optimal as a substrate of a nitride system light 
emitting device is a GaN single crystal substrate too. Since the art of manufacturing a 
GaN single crystal substrate quality till the present was immature, the GaN board which 
has a large area was not able to be obtained. If a quality GaN board can be 
manufactured, it should serve as the best substrate for the nitride system light emitting 
device. A GaN single ciystal has natural cleavage. Logging to a chip is simplified by it 
and it becomes exact by it. The resonator face of LD can be formed now by cleavage. 
GaN has conductivity, if it is made into a n type substrate, and n electrode can be 
attached to the bottom of a n type substrate, element structure is simplified, and it can 
take a larger emission area. There is also no inconsistency of a grating constant between 
epitaxial thin films. Such an advantage is expected. [0008]However, it cannot sublimate, 
if a GaN polycrystalline raw material is heated, and the melt of GaN cannot be made. 
Therefore, large-sized crystal production art under the usual thermal balance, such as 
the Czochrlski method, a Bridgman method, etc. which manufacture a solid crystal, 
cannot be used by cooling heating melt. If ultra-high pressure is applied, it is said that 
the single crystal growth holding a thermal equilibrium state is possible. Since only a 
small crystal will be made even if possible, there is no hope which can manufacture a 
large-sized wafer which takes a commercial base. 

[0009]Then, the GaN substrate manufacturing method which obtained the single crystal 
self-supported film of GaN was proposed by growing up the crystal of GaN thickly with 
vapor phase growth on a suitable monociystal substrate, and removing a substrate. It 
can be called the technique of having extended the growth-of-thin-film method. 
However, since a sapphire substrate is stably and physically hard chemically, after it 
grows GaN, it cannot be removed, but it is unsuitable as a substrate. Although the 
method of separating a sapphire substrate these days using laser is also tried, it is 
thought that the yield of large sized substrate creation is low. 

[0010]The substrate with sufficient GaN and affinity should be chosen that it is easy to 
remove after crystal growth. For example, thick GaN which has C side on a field (111) 
with the 3 times symmetry of GaAs by carrying out vapor phase synthesis of the GaN to 
c shaft orientations is made. Since a grating constant and a coefficient of thermal 
expansion differ between a substrate and GaN, GaN does not grow on a substrate very 
much well. Even if it grows up, it will not become a monocrystal substrate large internal 
stress and quality. The further device was required. 



[0011]Then, this invention persons originated a lateral grown method (Lateral 
Overgrowth) which manufactures a GaN crystal with few internal stress and defects by 
attaching to a GaAs substrate the mask which has many windows, and carrying out 
vapor phase epitaxy of the GaN from on a mask. 
[0012](1) Japanese Patent Application No. No. 298300 [ nine to ] 

(2) Japanese Patent Application No. No. 9008 [ ten to ] 

(3) Japanese Patent Application No. No. 102546 [ ten to ] 

(4) Japanese Patent Application No. No. 171276 [ ten to ] 

(5) Japanese Patent Application No. No. 183446 [ ten to ] 

[0013]The contents of the technique are clarified by ****. For example, the SiN mask 
(for example, 100-nm thickness) which distributed the stripe and the fenestera rotunda 
on the GaAs substrate which has symmetry 3 times ( 1 1 1 ) is attached. The rectangle of a 
mask and a fenestera rotunda are provided so that it may have symmetry 6 times and 
may agree in the position of the equilateral triangle vertex of the repeated pattern of an 
equilateral triangle. Therefore, if it sees from one window, a 60-degree central angle is 
made and there will be a window of six maximum contiguity. 

[0014]It is made for the neighborhood of an equilateral triangle to become parallel to for 
example, the [-1 10] direction of GaAs or the [11-2] direction in the pattern. A mask has 
a function which eliminates GaN, GaN grows from the GaAs side of a window, and 
GaN is not attached on a mask. A buffer layer thinner (for example, 80-nm thickness) 
than a mask is formed at the introduction low temperature (500 ** - 600 **). Since this 
is lower than a mask, it is a layer made only in the inside of a window. In the window in 
which the core of independent GaN was isolated, it grows independently. 
[0015]If GaN vapor phase epitaxy is carried out at an elevated temperature from after 
that, GaN will be accumulated on a buffer layer. It becomes the same height as a mask 
soon. Although GaN was not attached on the mask, since GaN has risen from the inside 
of a window, also sideways, GaN grows on a mask with a lengthwise direction after that. 
Therefore, the shape of the right hexagon frustum centering on the center of a window is 
taken, and a GaN thin film grows. Although a rearrangement is included in large 
quantities in a GaN crystal, this is extended in parallel with a growth direction. Since a 
growth direction turns to width temporarily in the edge of a mask, the extending 
direction of a rearrangement also changes sideways temporarily. Since GaN grows 
holding the shape of right hexagon frustum, the revolving point of a rearrangement will 
be located in a line on the outward inclined plane lengthened from mask edge. 
[0016]The phase meeting of the thin film which carried out sideways growth is held to 
the thin film which has carried out sideways growth from the adjoining window soon. 



Since there is an equivalent window in the six directions and sideways (level) growth 
has been carried out at an equal speed from there, each thin film comes to unite 
simultaneously by the perpendicular bisector of a line segment which connects a 
window. Since the rearrangement is then extended sideways, it is anti-parallel and it 
collides. A rearrangement concentrates by collision. A part of rearrangements may 
disappear here. When a rearrangement concentrates with high density in part, it will be 
said that other portions become low dislocation and are available enough as a substrate 
of a light emitting device. 

[0017]After the GaN thin film grown-up from the contiguity window meets in a bisector, 
it is changed into upward growth and is growing up so at c axis. It is growth holding C 
side. Vapor phase epitaxy is carried out over time, and the sample of GaN / mask / 
GaAs of remarkable thickness (hundreds of micrometers) is obtained. If a mask and 
GaAs are removed and it is made the independent self-supported film of only GaN, the 
substrate ciystal of GaN will be made. GaAs can be melted and taken with aqua regia. A 
mask is also easily removable. 

[001 8]A lateral grown method has the advantage that the direction which a 
rearrangement extends changes twice and dislocation density decreases by it. The quite 
large single crystal of GaN can be grown up now for the first time by this. This was a 
substrate of the first GaN single crystal to be able to become independent with sufficient 
thickness (not less than 100 micrometers), and to be got by this invention person. 
[0019] 

[Problem(s) to be Solved by the Invention] However, if the quality of the gallium nitride 
substrate itself is not high definition, a good device is unproducible on it. As a substrate 
for mass production, a good crystal with low dislocation density is especially called for 
over the wide range. 

[0020]With the lateral grown method which carries out vapor phase epitaxy using the 
mask which has many windows, dislocation density also has a 1 - 2x10 7 cm" 2 grade, and 
the thing of low dislocation is not made, either. As a substrate for InGaN system LD, it 
is still insufficient. 

[0021]Then, this invention person devised the new method of decreasing dislocation 
density with crystal growth in order to get the gallium nitride single crystal of quality 
low dislocation. 

[0022](6) JP,2001-102307,A (Japanese Patent Application No. No. 273882 [ 1 1 to ]) 
[0023 ]It is made to grow up, when carrying out lateral growth using a mask on GaAs, 
holding the split face (facet surface) which did not carry out vapor phase epitaxy and 
was rich in unevenness holding flat C side. It is made to grow up, making the surface 



expose the field which did not make c shaft orientations carry out C side growth, and 
inclined from C side. Here, it is called a facet grown method. 

|"0024"l Drawmg 1 - drawing 3 explain the facet grown method. C axis growth of the 
GaN crystal 2 is carried out so that the flat surface 7 may turn into C side. The field 
sloping to the C side 7 is called the facet surface 6. It is made to grow up being exposed 
of the facet surface 6 without embedding the facet surface 6. Since a crystal is 
accumulated toward a top, the facet surfaces 6 gather and serve as the pit 4 of reverse 
coning, although the pit 4 of reverse coning looks circular, in fact, they are 12-sided 
six-sided pyramids ({11 to 2 m}, or {one to 10 m}) or pyramids ({11 to 2 m}, and {one 
to 10 m}) (m — integer; — ciystal orientation is explained later). In drawin g 1 -2, 
although the reverse 6 pyramid pit 4 which is easy to write is shown, the direction of 
12-sided pyramids appears more frequently actually. 

[0025]The secret of a facet grown method maintains growth, without embedding such a 
pit 4. Since the concave facet surface 6 goes up with growth, the rearrangements which 
progress in parallel with a growth direction gather to the boundary line (ridgeline 8) of 
the facet surface of a direction which progresses and is different towards for inner to a 
facet surface. The rearrangement which reached the ridgeline progresses for inner with 
advance of growth, reaches a pit bottom, and is concentrated to the multiplex point D. 
The rearrangement in the middle of many concentration exists in the ridgeline part 
which had an angle of 60 degrees mutually. What was concentrated at the multiplex 
point D serves as the linear rearrangement set defective part 11. The rearrangement 
group in the middle of a set comes to be contained in the vertical plane given to the 
bottom from the boundary line. The field which makes the angle of 60 degrees mutually 
such and which the rearrangement of three sheets concentrated is called surface state 
defect 10. When many rearrangements gather especially here, this may be in a quite 
stable state. 

[0026]Thus, the aforementioned facet growth sweeps and collects rearrangements in a 
facet surface, and has the operation of sweeping to a surface state defect and a main 
multiplex point, and accumulating. Although crystal growth progresses upward (for c 
axis) on the whole, the bunch of a rearrangement is concentrated on the boundary flat 
surface (surface state defect 10) of three sheets. Since a growth direction always starts 
in the direction of the inclined plane for inner, a part of rearrangement bunch may turn 
into the bunch 1 1 of a line defect intensively eventually. 

[0027]Since the surface state defect and line defect which are the bunches of an 
intensive rearrangement are generated to the bottom of the pit which consists of facet 
surfaces, the remaining portion serves as low dislocation. If it is made to grow up to 



suitable thickness, GaN/GaAs sample will be taken out and a GaAs substrate and a 
mask will be removed. Then, the self-supported film of only GaN is made. It is 
transparent and can be made into a flat substrate by polish. Even if it sees by the eye, it 
is material like flat smooth glass, and a rearrangement is not visible. A rearrangement 
can be seen by etching with a special etching reagent, making a pit appear, and carrying 
out microscope observation. The difference in material can be seen also with a 
fluorescence microscope. 

[0028]When microscope observation of the dislocation density of the low dislocation 
field on a substrate was carried out, it turned out that it decreases to what and below a 
10 6 cm" 2 grade. In lateral growth, it means that dislocation density had decreased by 
about 1 more figure since there was dislocation density about 1 - 2x10 7 cm" 2 . It was a 
skillful and useful invention. 

[0029]However, it turned out that there is a problem, considering the technical problem 
that the GaN single ciystal which can be used also for such an exquisite invention as a 
substrate of LD is made. 

[0030] Since rearrangements are collected to the bottom of a pit by carrying out crystal 
growth without embedding the pit which consists of facet surfaces, a rearrangement is 
concentrated on narrow space. However, it did not always concentrate on one point 
thoroughly, and there was a problem of barracks for a while. For example, when the pit 
of a 100-micro meter diameter is formed, depending on a part, a rearrangement 
concentrates on the narrow range of several micrometers of the center of a pit. However, 
in other parts, it may be said that it spreads in the range of about 30 micrometers 
vacantly, and a rearrangement exists in it. 

[0031]The rearrangement which once concentrated this spreads with rose **** 
MOYAMOYA again. It can also be called an open seam of an intensive rearrangement. 
It turned out that the muscle of MOYAMOYA and the spreading rearrangement is a 
thing including most number of rearrangements. That is, I hear that there may be a 
muscle of MOYAMOYA and the spreading rearrangement like clouds by using the 
central point of a pit as a core by a part, and it is. MOYAMOYA can be directly seen by 
the fluorescence microscope observation of point **. As for drawing 3 . the aggregate 
bundle 15 of a rearrangement of a pit bottom explains the situation where a rose **** 
rearrangement spreads around. 

[0032]In order to extend a low dislocation field, when the path of a pit is enlarged more, 
the muscle of a MOYAMOYA-like rearrangement shows the tendency which increases 
more. The number and area of a rearrangement which are torn since the number of the 
rearrangements concentrated to a central core will increase, if a pit diameter is enlarged, 



and become nebula-like also increase. 

[0033]then, why the once condensed rearrangement is solved from a core — where is the 
cause which a ? open seam produces? this invention person considered such a thing. If it 
was probably the result of the repulsive force committed between rearrangements, this 
invention person would notice. 

[003 4] Although a rearrangement is extended in the growth direction with growth, and it 
may part and meet, it does not disappear simply. It only disappears and concentrates. 
Since a rearrangement is disorder of a crystal, if a rearrangement approaches in parallel, 
the mismatching of a ciystal will be made compressed between them and the energy of 
a lattice will increase. The increase in lattice energy brings about repulsive force. Since 
it will centralize disorder of grids structure and will raise energy if it approaches 
mutually, although a rearrangement is extended to where in one dimension, it will 
produce repulsive force, such dynamism appears only after it makes a rearrangement 
condense also 10 4 twice [ 10 3 twice ], and it is not known until now. 
[0035]If 1000 or no less than 10000 dislocation lines are brought together in the narrow 
range, the repulsive force between them will also become remarkable. Even if it once 
condenses to a sake, a dislocation line solves from a part. It will generate the 
MOYAMOYA nebula-like structure which drifts and is visible to the surroundings of a 
core. 

[0036]The dislocation density in a MOYAMOYA dislocation line is larger than the 
dislocation density (10 6 cm" 2 order) of the average which includes other portions by a 10 
7 cm" 2 order grade 10 or more times. The dislocation density of a MOYAMOYA 
dislocation line is insufficient as an LD board. In order to be able to use as an LD board, 
to be below 10 6 cm" 2 order too is desired. The problem of the MOYA-like rearrangement 
by open seam and this are the first problem. 

[003 7] When the following problem centralizes a rearrangement on pit 4 bottom which 
consists of the facet surface 6, it is the surface state defect 10 where the angle of 60 
degrees is mutually made and made in the pit center section. Since a rearrangement will 
concentrate on the boundary of a facet surface and will remain there if a pit is 
maintained and is grown up, it concentrates on surface state and becomes the surface 
state defect 10. It is thought that a rearrangement is what aligned in parallel at surface 
state, and the surface state defect which is contained in a pit axis, makes the angle of 60 
degrees mutually, and has symmetry 6 times is a lump of a rearrangement. A surface 
state defect is a problem of a crystal defect in the MOYA-like rearrangement of point **. 
From a pit core, a surface state defect makes the angle of 60 degrees, and exists 
radiately. Occasionally gap of a crystal face may be produced in the both side surfaces 



of the surface state defect. It is expected that existence of these surface state defect 
causes degradation, and shortens the life of laser when an LD element is manufactured 
on a substrate. Therefore, it is necessary to reduce a surface state defect. [0038]The last 
problem is root-like. I hear that distribution of a pit is what [ a thing / exact rate ] that 
cannot be foreseen by chance, and it has it. That is, I hear that it is random and there is 
distribution of a defect. It cannot know specifying beforehand where as for the 
aforementioned facet grown method which decreases a rearrangement, a pit is made by 
making it grow up without embedding a facet pit as it is as mentioned above, either. It 
will be said that the pit which consists of facet surfaces is formed there by chance, and a 
rearrangement concentrates it there by chance. It becomes a problem that distribution of 
the bunch of a rearrangement is probable and accidental. 

[003 9] When a wafer process is performed using the GaN wafer and many GaN-LD 
chips are manufactured, it can be said that the stripe (active layer) of LD is applied to a 
rearrangement bunch by chance. The LD will be a short life if the bunch of a defect 
exists in a luminous layer. The LD chip which has required the stripe for the portion 
must be removed beforehand. It will be said that it lowers a laser manufacturing yield. 
[0040]Although the size of the LD chip manufactured on a GaN board is not decided 
uniformly, suppose that the luminous layer (stripe) formed in central length, for 
example at 400 micrometers in width and 600 micrometers in length is 2-3 micrometer 
width x600micrometer. It considers manufacturing rectangle top LD of 400 
micrometers x 600 micrometers on a wafer. Total breadth may be able to think that it is 
rare for a dislocation core and a MOYAMOYA rearrangement to lap with a stripe 
supposing only 3 micrometers is a stripe among those in 400 micrometers. However, 
that is not right. Even though width of a stripe is narrow, since the length must be the 
same as chip length and it must moreover be a straight line, it is what may happen 
frequently that a dislocation core (concentrating points of a rearrangement) starts a 
stripe. 

[0041]In order to manufacture the substrate for LD, it is required for stripes to be a 
dislocation core and a substrate which can be prevented from starting a MOYAMOYA 
rearrangement. Therefore, it is troubled if it says that there is no telling where a 
rearrangement bunch (dislocation core) is made. That is not right and it is made to like 
to perform position control of a dislocation core positively. Though it is unavoidable, it 
is arranged that a dislocation core occurs so that conveniently, when manufacturing LD, 
and arrangement should just understand it beforehand. A crystal growth method which 
makes position control of a dislocation core (bunch) possible such is desired. 
[0042]Three points described above are the technical problems of this invention. It is 



the following when it repeats once again. 

[0043](1) Reduction of MOYAMOYA-like distribution of the rearrangement from the 
rearrangement collective part of the center of a pit which consists of facet surfaces. 

(2) Disappearance of the surface state defect of the rearrangement collective part of the 
center of a pit which consists of facet surfaces. 

(3) Control the position of the rearrangement collective part of the center of a pit which 
consists of facet surfaces. 

An object of this invention is to solve these three difficult technical problems. 
[0044]Before starting explanation of an invention, a little term is explained. Although it 
is vapor phase growth first, and vapor phase growth is used as a thin-film-forming 
method of GaN, there are the HVPE method, the MOCVD method, the MOC method, 
and the sublimating method in it. This is used also for manufacture of a substrate. 
[0045] 1. HVPE method (hydride vapor phase growth; Hydride Vapor Phase Epitaxy) 
The metal Ga is used as a Ga raw material. A nitrogen material is ammonia NH 3 . A 
substrate is put on the susceptor of the lower part of a hot wall type reactor, and Ga 
metal is put in and heated on the upper boat. Hydrogen gas + HC1 gas is sprayed there, 
and gallium chloride GaCl is generated. This takes hydrogen gas and hits the substrate 
heated by carrying out a drift in the lower part. Hydrogen gas + ammonia gas is 
supplied near the substrate, ammonia reacts to GaCl, and it is accumulated on the 
substrate which compounded GaN and was heated. A raw material is Ga metal, and 
since GaCl is made, there is an advantage that carbon does not go into a GaN thin film. 
[0046]2. MOCVD method (organic metal CVD;Metallorganic chemical vapor 
deposition) 

This is a method used most ordinarily as a GaN thin film grown method. In a cold wall 
type reactor, the organic metal raw material and ammonia NH ? of Ga, such as TMG 
(trimethylgallium), are sprayed on the substrate heated with hydrogen gas (Hz). Being 
frequently carried out by the thin film forming of gallium compounds other than GaN 
uses an organic metal as a gallium raw material. Ammonia reacts to TMG on a heating 
board, GaN is compounded, this accumulates, and a thin film is formed. This method 
has a track record as the thin-film-forming technique. However, it is not a thin film, and 
when it is going to produce a thick substrate crystal, there is a problem. Since this 
method uses a lot of gas, its material gas yield is low. In a thin film, although it is not a 
problem, when it is substrate formation, the lowness of yield serves as a fault. It may be 
said that carbon mixes another problem into it when GaN is formed, since a raw 
material exists [ carbon ] including an organic matter. Carbon serves as a deep donor, 
lowers electron mobility, and may worsen an electrical property. 



[0047]3. MOC method (organic-metal-salt ghost vapor phase growth; Metallorganic 
Chloride method) 

Ammonia is used as a nitrogen material, using organic metallic compounds, such as 
TMG, as a Ga raw material. Unlike the MOCVD method, TMG and ammonia are not 
combined directly. HC1 (hydrogen chloride) gas is made for TMG to react with a hot 
wall type reactor, and GaCl is once compounded. Even the substrate heated in the state 
of the gas flows through this. Since ammonia is supplied near the substrate, GaCl reacts 
to ammonia near the substrate, and it serves as GaN, and is deposited one by one on a 
substrate. In order to use an organic metal, there is also a fault that mixing of carbon to a 
thin film arises. However, material gas yield is higher than MOCVD. 
[0048]4. the sublimating method — this does not use gas as a raw material. Let GaN of 
polycrystal be a raw material. At the place of another **, establish a temperature 
gradient for the solid GaN and a substrate in a reactor, heat and evaporate the solid GaN, 
it is made to move to a substrate with a lower temperature, and a GaN thin film is made 
to deposit on a substrate. 

[0049]Next, crystal orientation is explained. Although it is visible like the common 
sense of the field, it is not necessarily well-known to such a thing. There is also 
confusion and it may be said that he cannot understand space geometry explanation for 
readers. Since crystal orientation describes the structure of this invention henceforth, the 
definition of the direction should be made clear. GaN belongs to a hexagonal system. In 
that case, three indices which show a field and a direction have four things to be used 
and a thing to be used. The method of using four is adopted here. A mode of expression 
is described about it. 

[0050]There are some of every promises about a crystal face and expression of crystal 
orientation. The general expression expressing a plane direction uses wave parenthesis 
{} like {hkmn}. h, k, m, and n call it indices of crystal plane (or Miller index), and are 
certainly an integer. Expression of an individual plane direction is expressed as 
parenthesis () is used (hkmn). General expression of crystal orientation is expressed as 
<hkmn> using key parenthesis <>. Individual expression of crystal orientation is 
expressed like [hkmn] using square bracket []. A crystal face with the same indices of 
crystal plane and crystal orientation intersect perpendicularly. That is, the direction 
which intersects perpendicularly with (hkmn) is [khmn]. 

[0051]The symmetry operation allowed by the symmetric group to which the crystal 
belongs is decided. When returning by symmetric transformation operation, those fields 
and directions are expressed by the same general expression. Since rotatably operating 
is allowed 3 times about the first three indices in the case of a hexagonal system, the 



symmetry operation which replaces h, k, and m mutually is equivalent. However, the 
index n of c axis is peculiar and cannot carry out an interconversion with these three 
indices. All the individual sides which leave the generalization side of {hkmn} from one 
individual side (hkmn) with general expression, and can reach by all the symmetry 
operation allowed are included. Even if it calls it a hexagonal system, with a crystal, the 
symmetry operation allowed has a kind of still some, and cannot say 1 for which being 
contained in general expression that it is. 

[0052]There is symmetiy in a GaN ciystal 3 times. Therefore, (hkmn), (kmhn), (mhkn), 
(hmkn), (khmn), and (mkhn(s)) are six individual sides included in general expression 
{hkmn}. Conversely, it is expression with equivalent six of general expression {hkmn}, 
{kmhn}, {mhkn}, {hmkn}, {khmn}, and {mkhn}. Although indices of crystal plane are 
an integer and a custom attaches an upper line to a negative number, since an upper line 
cannot be attached on specifications, the numerals of minus will be attached in front. 
However, since a comma is not attached between indices of ciystal plane, distinction 
attaches simply whether they are indices of ciystal plane and coordinates. 
[0053]GaN has three axes which have symmetry 3 times with a hexagonal system. Two 
of them are called an a-axis and b-axis. Since there is no name in eye three axes, since it 
is inconvenient, then, it is considered as d axis. That is, an abd axis makes the central 
angle which is 120 degrees, and is established. The axis which intersects 
perpendicularly with the field which these 3 axis includes is c axis. C axis is a peculiar 
axis in a hexagonal system, and does not have the symmetry between abd axes. A 
crystal face is a set of a countless field parallel to each who turned to the same direction. 
The direction of a crystal face is a reciprocal of the value which broke by the length of 
the axis the length of the contact piece in which the crystal face of the 1st sheet cuts 
each axis. That is, when cut an a-axis with a/h, a b-axis is cut with b/k, d axis is cut with 
d/m and it cuts c axis with c/n, the indices of crystal plane are expressed as (hkmn). 
[0054]Therefore, it is such a fundamental field and the number of fields is also few 
reasons that indices of crystal plane are small. Crystal orientation [hkmn] is defined as a 
direction which intersects perpendicularly with a field (khmn). The three indices h, k, 
and m in front of inner [ of four indices ] are not independent. Since it is two 
dimensions, there is also the method of expressing as two indices and actually 
expressing as two indices. However, four indices are used in order to make symmetry 
legible here. Therefore, although h, k, and m are linear dependence, in the meantime, 
legible sum rule h+k+m=0 is always realized. [0055 ]In GaN, three typical fields exist. 
One is C side. This can be expressed like a field (0001). That is, it is a field which 
intersects perpendicularly with c axis. Although a field and an axis intersect 



perpendicularly mutually, a field is a capital letter henceforth, and an axis will be 
expressed and distinguished in a small letter. GaN has the 3 times symmetry of the 
circumference of c axis. That is, it has the symmetry which returns to a basis by 120 
rotations. When carrying out ciystal growth of the GaN on a substrate of a different 
kind, c shaft orientations are certainly grown up. When hetero-epi growth is carried out 
on a GaAs substrate or a sapphire substrate, it certainly becomes growth of c shaft 
orientations. GaN does not have inversion symmetry. Therefore (0001), a field and a 
field (000-1) are different fields. 

[0056]The typical field of the No. 2 side is called M side. It is a cleavage plane. It 
passes along one shaft tip among symmetry 3 axes (a, b, d), and is a field parallel to 
which [ two ] other axes and c axis. (Blanket expression {1-100}, {01-10}, {-1010}, 
{-1100}, {0-110}, {10-10}, individual expression (1-100) and (01-10), -1010), (-1100), 
(0-110) (10-10), etc. can express. Although all blanket expressions are equivalent, 
individual expression means a different field. A different field makes the angle of 60 
degrees mutually. It is not an angle of 90 degrees and should be cautious of it being 60 
degrees. Expression called M side is a common name, and useful to express the 
representation direction of GaN. 

[0057]A typical field is said as A side to the 3rd. A biaxial tip is connected among 
symmetry 3 axes (a, b, d), and it is a field parallel to c axis. (Blanket expression 
{2-1-10}, {-12-10}, {-1-120}, {-2110}, {1-210}, {11-20}, individual expression 
(2-1-10), (-12-10) and (-1-120), -2110), (1-210) (11-20), etc. can express. Although the 
above-mentioned blanket expression {--} means an equivalent thing, individual 
expression (--) shows another field. 

[0058]Since symmetry does not have GaN 6 times, the upper individual field shows the 
field of two kinds. Each individual side makes the angle of 60 degrees mutually. It 
should be cautious of it not being 90 degree. A side is a common name about this field. 
It is a useful expression. It should distinguish from the a-axis. The direction <2-l-10> 
with the same indices of crystal plane as A side is a direction which intersects 
perpendicularly with A side. It is parallel to either of the M sides. Although it can be 
called a direction, it does not say such. Although the direction <1-100> with the same 
indices of crystal plane as M side is a direction which intersects perpendicularly with M 
side, it is parallel to A side. It seems that it does not say such although this can be called 
m direction. GaN has three typical fields, C side, A side, and M side such. 
[0059]The facet surface which comes out behind is what leaned A side and M side to c 
shaft orientations for a while, and it is constituted. Therefore, for example, it is the facet 
{2-1-11} and {2-1-12} which were derived from A side, the facet {1-101} derived from 



M side, {1-102}, etc. The 6th equivalent page gathers and a pit is constituted. A 
six-sided pyramid type pit consists of a facet {1-101} which consisted of the facet 
{2-1-11} and {2-1-12} which were derived from A side, or was derived from M side, 
and {1-102}. Since A side also makes the angle of 60 degrees of M side for it and six 
exist, when it becomes a hole, it becomes a 6 pyramid-like pit. In addition, although a 
12 pyramid-like pit is also formed, since A side facet {2-1-11}, {2-1-12}, M side facet 
{1-101}, and {1-102} are put together, it serves as a dudecagon. It sees, also when the 
field of these is the field shifted for a while in the case of the dudecagon. 
[0060]The 4th index n is 1 or 2 in the above-mentioned facet. Since such a thing of low 
indices of crystal plane appears in many cases, these are described. For example, if A 
side {2-1-10} is leaned for a while to c axis, it will become {2-1-11} side. It will be set 
to {2-1-12} if it furthermore leans. If the value of the 4th index n is large, the inclination 
to c axis will also become large. That is, it approaches horizontally. Although the facet 
surface of the high order index beyond it may appear about n, most is n= 1 or about 2. 
[0061]The concept of the facet of a two-step pile comes out in behind. Two kinds of 
facets called the facet which constitutes a pit, and a facet shallower than it appear. Since 
there are no random preparations of the context, it is explained beforehand here. I hear 
that the thing that it is shallow is more horizontally close to C side, and there is. That is, 
I hear that Miller-index n of c shaft orientations is large, and there is. 
[0062] Usually, it is said later that the facets which appear in the circumference of a pit 
are {11-22} and {1-101}. It is a about a shaft length, and when c shaft length is 
expressed by c, the angle of inclination over C side of {1-101} side is tan" 1 (3 1/2 a/2c). 
The angle of inclination over C side of { 1 1-22} side is tan" 1 (a/c). 
[0063]If it is called a shallower facet, n, such as {11-23}, {1-102}, {11-24}, and 
{1-103}, will say a large thing. The inclination to C side of {one to 10 n} (n>=2) is tan" 1 
(3 1/2 a/2cn). If n is larger than two, this value will become smaller than the value of n= 1. 
The angle of inclination over C side of the {11 to 2 n} (n>=3) side is tan" 1 (2 a/nc). If n 
is larger than three, this value will become smaller than the value of n= 2. Therefore, the 
thing of such high n is expressed as the shallow facet. 

[0064]GaN is a hexagonal system and is a wurtzite type. Six right hexagon vertices, the 
bottom to which a Ga atom exists in a center, and six right hexagon vertices and the 
upper surface to which a Ga atom exists in a center, Below the middle of the bottom and 
the upper surface, six right hexagon vertices, the field between Shimonaka where N 
atom exists in a center, and the interface to which three Ga atoms exist upwards for a 
while and the field between Uenaka where three N atoms exist on it are for a while. 
Although there is symmetry 3 times, there is no inversion symmetry. Symmetry does 



not have 6 times, either. 

[0065] Sapphire, Si, GaAs, etc. are used as a substratum substrate. Although sapphire 
(alpha-aluminum 2O3) is a trigonal system, its symmetry is bad and symmetry does not 
have it 3 times. There is also no inversion symmetry. Since symmetry is bad, there is 
also no cleavage. 

[0066] Si is not a hexagonal system but cubic system, and takes diamond structure. 
Therefore, a Miller index is three. Three indices can describe a plane direction (khm) 
thoroughly. There is no above-mentioned sum rule with three independent indices, and 
it is k+h+m!=0. A trigonal axis is the direction of a diagonal line, it — a field (1 1 1) — it 
kicks. In the case of the usual Si device (001), a field is used, but it does not have 
symmetry 3 times. Here, 3 times, since symmetry is required, in the case of Si, a field 
(111) is used. 

[0067]GaAs is also not a hexagonal system but cubic system, and sphalerite (ZnS;Zinc 
Blende) structure is taken. Therefore, a Miller index is three. Three indices can describe 
a plane direction thoroughly. A trigonal axis is the direction of a diagonal line, it - a 
field (111) ~ it kicks. In the case of the usual GaAs device, a field is used from the 
relation of cleavage (001), but it does not have symmetry 3 times. Here, 3 times, since 
symmetry is required, also in GaAs, a field (1 1 1) is used. Even if GaAs does not have 
inversion symmetry and it calls it a field (111), there are two kinds. That is, they are a 
field out of which As comes outside (111), and a field out of which Ga comes outside 
(1 1 1). If necessary (111), it is called As side, Ga (1 1 1) side, etc., and distinguishes. 
[0068] 

[Means for Solving the Problem]Although how to have originated this invention person 
who completes a rearrangement as a pit pars basilaris ossis occipitalis, and makes the 
remaining portion low-dislocation-ize by growing up GaN was brilliant, not having 
maintained flat C side but holding a facet surface, it explained that there was still a 
problem and three technical problems occurred. 

[0069](1) Reduce MOYAMOYA-like distribution of a rearrangement from a 
rearrangement collective part of a center of a pit which consists of facet surfaces. 
[0070](2) Extinguish a surface state defect of a rearrangement collective part of a center 
of a pit which consists of facet surfaces. 

[0071](3) Control a position of a rearrangement collective part of a center of a pit which 
consists of facet surfaces. 

[0072]A11 are technical problems with difficult solution. These problems are explained 
further. It is thought that the biggest problem of point ** of this invention person who 
does crystal growth is a state of aggregation of a rearrangement carrying out formation 



maintenance of the facet-like pit. Drawing 3(1) and (2) shows a set of a rearrangement 
in a prior ******** pit. The pit 14 which becomes somewhere in GaN crystals 12 part 
from the facet 16 occurs. A generated position of the pit 14 cannot be given beforehand. 
It is accidental. If the flat face 17 grows up to be C plane direction, the facet surface 1 
will also go up and a bottom of the pit 14 will be covered with the rearrangement 15. As 
shown in drawing 3 (2), it only has the rearrangement group 15 in a pit bottom 
temporarily, and the rearrangement itself is scattering, it is opened wide and may spread 
again. 

[0073]In a pit section which consists of facet surfaces, when using the anisotropy of a 
propagating direction of a rearrangement in a facet surface and collecting much 
rearrangements in the center of a pit, a state of aggregation of the rearrangement 
becomes a problem. Although a rearrangement can be centralized in the center of a pit, 
since the state where it concentrated with high density has a rearrangement, and it does 
not disappear but a pit is opened wide, various problems are generated. 
[0074]Although this invention person's method centralizes a rearrangement existing 
[ many ] in the center of a pit using growing up while a pit of facet growth had 
maintained shape, it produces a problem with a new set of a high-density rearrangement. 
[0075]By a case, the rearrangements with a Burgers vector of an opposite direction 
collide and disappear. However, a rearrangement which was swept by one facet surface 
and gathered is considered to be what has many rearrangements of a same sign. 
Therefore, a rearrangement which gathered is an opposite sign and it seems that 
disappearing mutually will hardly happen. In a set of a rearrangement of a same sign, a 
rearrangement remains forever without disappearing. Since it is made to merely 
concentrate, there is an advantage that the remaining portion low-dislocation-izes. 
[0076]However, although a rearrangement of a same sign should just concentrate on a 
line and a field quietly, in fact, that is not right. Diffusion of a rearrangement of 
MOYAMOYA is seen from a rearrangement concentration portion like point **. It 
seems that that is because repulsive force will occur between rearrangements if a 
rearrangement of a same sign concentrates if ? and its reason are considered for why it 
starts. 

[0077]It is the rearrangement which gap of a lattice followed. If the same rearrangement 
(same sign) concentrates towards gap, since the direction of gap will be doubled, lattice 
dynamics energy increases. Therefore, it is necessary to reduce energy and it serves as 
repulsive force. For repulsive force committed to rearrangements, a rearrangement 
solves from some concentration objects of a rearrangement, and it becomes the breadth 
of a rearrangement of MOYAMOYA. It is troubled if a part of rearrangement is solved 



and spread to have made it concentrate with much trouble. 

[0078]A pit unites to it, by unification of a rearrangement group, a rearrangement group 
is confused, or a rearrangement condenses and dislocation density rises further. It may 
be said that it is also for the reason and a MOYA-like rearrangement spreads further. 
This is a problem of the aforementioned rearrangement MOYAMOYA distribution of 
(1). 

[0079]When rearrangements gather to a center of a pitch which consists of facets 
depending on a situation, a central angle of about 60 degrees is made to it from a center, 
and a surface state aggregate of a rearrangement may be radiately formed in it. It is the 
surface state defect 10 of drawing 1 (b). This is for rearrangements to gather with an 
angle which is 60 degrees. When rearrangements of a same sign gather, repulsive force 
may work to rearrangements, and it cannot concentrate in the center, but it may be said 
that a rearrangement concentrates on the radiate surface state defect 10. It makes a 
surface state defect firmer. 

[0080]When two or more pits unite and a pit is enlarged, the number of rearrangements 
which gather toward a center of a pit also increases, and a surface state defect which 
accompanies it large-area-izes more. 

[0081]Since he has left a position which a facet furthermore generates to a natural 
phenomenon, it is irregular. A pit position is accidental and cannot be determined 
beforehand. It is uncontrollable. A pit position becomes hindrance when producing a 
device to a substrate, when [ since it is random, ] area of a MOYAMOYA-like 
rearrangement group has increased, irregularity, no limiting, and. Quality of a device 
and a yield will be lowered. 

[0082]In order to solve these technical problems, when a pit which consists of facet 
surfaces is maintained, and is grown up and a rearrangement is gathered in the center of 
a pit, this invention person thinks that it is a problem not to converge only by a 
rearrangement stagnating in a collective part (rearrangement group 15 of drawing 3 (2)). 
[0083] When a rearrangement group in a collective part had a disappearance mechanism 
of a rearrangement, and an accumulation mechanism in a collective part of a 
rearrangement, it was fixed, and re-diffusion did not start but this invention person 
thought that it was effective. 

[0084] Since a rearrangement could be extinguished or it was made to accumulate if a 
disappearance mechanism or an accumulation mechanism of a rearrangement was 
during a crystal even if a rearrangement concentrated on a narrow field, this invention 
person thought that a rearrangement should cease to make a rose beam ****** defect. 
[0085]What is used as a disappearance / accumulation mechanism of a rearrangement? 



It is a problem, this invention person forms a defect of a grain boundary etc., and it was 
made to disappear or store up a rearrangement according to a defective side 
intentionally into a single crystal. A defect of the grain boundary etc. is made positively 
and it was made to extinguish whether a rearrangement is stably accumulated by this. It 
is the 1st new idea of this invention. 

[0086]This invention newly tends to make the grain boundary and tends to use it 
effectively. Drawing 4 illustrates it. The pit 24 which has the facet surface 26 is 
generated by the GaN crystal 22. With growth, a rearrangement moves in parallel with 
C side via a facet surface, and results in the pars basilaris ossis occipitalis 29 of the pit 
24. An extending direction of a subsequent rearrangement is parallel to a growth 
direction (c shaft orientations). The defect collective region 25 closed following the pit 
pars basilaris ossis occipitalis 29 is made. The closed defect collective region 25 
absorbs the aforementioned rearrangement. A rearrangement is accumulated in the 
defect collective region 25 which disappeared or was closed. 

[0087]Once it is accumulated, it will be hard to go away to the exterior again. Therefore, 
also in the meaning, it can say, "It closed." What is closed is the grain boundary K 
surrounding outside of the defect collective region 25. This blocks the defect collective 
region 25. If a rearrangement is captured, it will already re-be hard to be spread. 
[0088]then, what it does for making the grain boundary K which closes the defect 
collective region 25 ~ when facet growth is carried out maintaining a ? facet, it is as 
having already stated that a rearrangement concentrates on a center-section bottom of a 
pit which consists of facets. The grain boundary is generable on those boundaries by 
forming a different crystal from a surrounding single crystal in a center section of this 
pit. It may be a single crystal from which a direction is different, and is good also as 
polycrystal which cannot define a direction uniquely because what is necessary is just to 
make a different ciystal which is different from a surrounding single crystal. Anyway, 
as for it, since a surrounding single crystal has a uniform direction and is a single crystal 
on the whole, if a different crystalline which is different from it is formed in a pit center 
section, the grain boundary should be made among these heterogeneous crystals. A case 
where polycrystal is first formed in a pit center section is explained. 
[0089]Specifically, a polycrystalline region is formed in a pit center section. The grain 
boundary K is generated between surrounding single crystal regions and a 
polycrystalline region of a portion where a pit bottom is narrow. It is considered as 
disappearance and a storage place of a rearrangement of the grain boundary K. 
Although it is the purpose to reduce a rearrangement, the grain boundary including 
many rearrangements is newly generated, and it is used effectively on the contrary. Of 



course, not only these grain boundaries but an internal field surrounded in the grain 
boundary can be made into a storage place of a rearrangement. It is the idea 
dramatically attached in a mind table, and is novel. [0090] Such, by forming a sink 
(suction) of a rearrangement, this invention can prevent growth of MOYAMOYA-like 
distribution and can be extinguished in part. Reduction disappearance of a surface state 
defect which spreads from a pit center section can be promoted. 

[0091] When research was furthermore repeated, a field which functions on such a 
rearrangement as disappearance and a storage place discovered that it is not what is 
restricted to polycrystal. If a single crystal and crystal orientation of others [ it ] differ 
from each other even if it generates single ciystal regions following a pit pars basilaris 
ossis occipitalis, since the grain boundary K is made between them, the grain boundary 
K will serve as disappearance and a storage place of a rearrangement. For example, also 
when it is the inversion layer which c axis reversed, namely, Ga side and a nitrogen side 
reversed, it contains. In a predetermined field of a GaN crystal, only 1 80 degrees of the 
<0001> directions of the other field and a GaN ciystal were reversed, and polarity 
(polarity) has reversed a reversal phase here. Although the surface of a field (0001) of a 
GaN crystal is a Ga atom side, a field (000-1) is a nitrogen atom side. 
[0092] Tt was a single crystal, and even if other single crystals and directions of a field 
were the same, when it was surrounded by a plane defect and surrounded in a small 
angle tilt boundary, it turned out that the small inclination grain boundary K serves as 
disappearance and a storage place of a rearrangement. That is, it is a field following a 
pit center-section pars basilaris ossis occipitalis, [0093]A. Single crystal regions 
surrounded in a small angle tilt boundary although a single crystal and a direction of a 
circumference of single-crystal-regions C. from which a single crystal of a 
circumference of polycrystalline region B. and a direction are different were the same 
[0094]It comes out, and if it is, since the grain boundary K is made between those fields 
and a surrounding field, the grain boundary K has disappearance and cumulation of a 
rearrangement. If a rearrangement can be extinguished, it is effective, but it is also 
effective to make it accumulate and not to release. Each portion used as such a crystal 
core builds in a crystal defect, and since it is moreover surrounded in the grain boundary, 
it can call it "a closed defect collective region." the substructure itself [ such ] - it is 
new. 

[0095]In a closed defect collective region, since it is redundant, I will call it the closing 
defect collective region H. This has the core S which is generated by pars basilaris ossis 
occipitalis of a pit which is a set of a facet surface in facet growth, and has a 
surrounding single crystal and a certain different crystallinity, and means a field that the 



surface is wrapped by the grain boundary K. That is, the core S is A, B, or C, and the 
closing defect collective region H consists of the core S and the grain boundary K. If it 
says symbolically, [0096]H=S+K[0097]K=A, B, or C[0098]It is saying. Although K is 
the grain boundary, it can disappear and accumulate a rearrangement. The core S is in 
an inside of K, the surrounding single crystal has a certain point-of-difference **** 
crystallinity, and it is generated by pars basilaris ossis occipitalis of a pit in facet growth. 
It is called the closing defect collective region H including these two ingredients. The 
deepest part of a pit is in the closing defect collective region H, and a collective part of a 
rearrangement has arisen here. Although the grain boundary K seems to be about 
disappearance and cumulation of a rearrangement in the upper explanation, the core S 
not only inside it but the closing defect collective region H has disappearance and 
cumulation of a rearrangement. Both K and S have disappearance and cumulation of a 
rearrangement. 

[0099] It cannot be specified beforehand where a pit is made in prior [ of this invention 
person ] (JP,2001-102307,A). If that is right, it cannot be decided beforehand where the 
closing defect collective region H generated succeeding a pit pars basilaris ossis 
occipitalis is made. However, what correlation in which a closing defect collective 
region was made understood in the center of a pit has a meaning. Furthermore, an 
artificer advanced research and discovered that the closing defect collective region H 
can be given beforehand. 

[01 00] Although a talk becomes reverse, if a position of the closing defect collective 
region H can be beforehand given by a certain means, it will be said that a place where a 
pit appears is decided. Since these points have various leaps, it should fully be careful. 
[0101]A means to decide the closing defect collective region H is described in detail 
later. If it says simply, I hear that a thing used as a "seed" is regularly arranged to a 
position which I want to be able to do a closing defect collective region of a substratum 
substrate, and it is to it. If GaN is grown up from moreover, a pit will be generated 
following a seed and a closing defect collective region will be made following a pit. 
[0102]If the closing defect collective region H is decided, since this field has the slow 
growth rate as compared with growth of other C sides, it will serve as a low hollow (pit) 
compared with other portions which carry out C side growth. When it comes to a 
hollow, the circumference is surrounded in a facet surface with stable indices of crystal 
plane of the low next. A facet surface grows greatly with growth and it serves as a pit. 
Since a pit is maintained during facet growth, without disappearing, the closing defect 
collective region H is continuously generated following a pit. Since it grows up to be a 
lengthwise direction, all tops serve as a closing defect collective region from a position 



of the first fixed closing defect collective region H. A pit position can be controlled now 
by such a technique. A closing defect collective region can be made in arbitrary 
positions. It is also one of the remarkable features of this invention. 
[0103]There is a mechanism of another closing defect collective region generation. 
Although a pit consists of facet surfaces, a facet surface where an angle is shallow is 
formed in a bottom of a pit, and other facet surfaces of a shallower inclination (n of c 
axial surface index is large) serve as a double facet surface structure is easy to be 
formed in the pars basilaris ossis occipitalis (shown in (3) of drawing 5 (b)). This fixes a 
pit center. The closing defect collective region H is generated following a shallow facet 
surface. Although mentioned later for details, when the closing defect collective region 
H consists of a reversal phase of c shaft orientations which only 180 degrees of the 
<0001> directions of a GaN crystal reversed to the surroundings, this phenomenon 
appears clearly. 

[0104]Generation of a closing defect collective region is considered as follows. When 
polyciystal is formed on a seed, a closing defect collective region serves as polycrystal, 
and is clearly distinguished from other single crystal portions. The grain boundary K 
occurs in a boundary. 

[0105]However, a closing defect collective region has not only polycrystal but a case of 
a single crystal. Although it is a single crystal, a surrounding single crystal portion and 
crystal orientation are different. The direction of a difference is various. This is also 
described in detail later, why crystal orientation is different ~ ? ~ since a closing defect 
collective region is formed so that a facet surface (n is large) of a small inclination may 
generate it at the pit pars basilaris ossis occipitalis and it may be made into the whole 
surface, though a closing defect collective region is a single crystal, other single crystal 
portions and crystal orientation are different. Since crystal orientation is different, the 
grain boundary K is certainly made on a closing defect collective region and a boundary 
of other single crystal portions. A set of a defect which the seal direction of the core S 
of a closing defect collective region was thoroughly carried out by the grain boundary K, 
and it closed by it is made. It is the closing defect collective region H. 
[0106]Thus, the method of making a closing defect collective region used as H=S+K, 
and carrying out facet growth of the GaN can solve all of three problems described 
previously. Since absorption accumulation is carried out by the grain boundary K of 
point ** and a rearrangement of the shape of MOYAMOYA diffused from a center of a 
pit cannot be solved, it is not left any longer to the exterior. A surface state defect which 
makes 60 degrees generated from a pit center-section pars basilaris ossis occipitalis can 
be drawn near by the grain boundary K, is accumulated into it, and does not come out to 



the exterior. 

[0107]A contingent problem that an active layer (stripe) may lap with a pit when LD is 
made, since a pit center position does not become settled is solvable by deciding 
beforehand a position which can do a closing defect collective region, i.e., a pit, 
positively. That such a pit position can be planned can also say that it is the most useful 
advantage in this invention. 

[0108]A principle of this invention was explained above. It was also said that the three 
aforementioned problems (a MOYAMOYA rearrangement of a center of a pit, a surface 
state defect, difficulty of position control) are solvable by this invention. A still more 
concrete mode of this invention is described in more detail below. 
[0109] 

[Embodiment of the InventionJAn embodiment of the invention is described. The basic 
principle of this invention is the following. 

[0110]Gallium nitride is grown up so that the pit which consists of facet surfaces may 
always exist in the surface and the closing defect collective region H which is a set of a 
defect may exist in an inside, By considering it as the disappearance place of a 
rearrangement of the grain boundary K which is an interface of the closing defect 
collective region H and the single crystal low dislocation company field Z of the 
circumference, and a storage place, It is in the place referred to as decreasing the 
rearrangement in the single crystal low dislocation company field Z around the closing 
defect collective region H, and the single crystal low dislocation complementary field Y, 
and obtaining the GaN crystal substrate of low dislocation (claim 45). 
[01 1 l]Or gallium nitride is grown up so that the pit which consists of facet surfaces may 
always exist in the surface and the closing defect collective region H which is moreover 
a set of a defect may exist in an inside, By considering it as the grain boundary K which 
is an interface of the closing defect collective region H and the single crystal low 
dislocation company field Z of the circumference, and the disappearance place of a 
rearrangement of the core S of the inside and a storage place, It is in the place referred 
to as decreasing the rearrangement in the single crystal low dislocation company field Z 
around the closing defect collective region H, and the single crystal low dislocation 
complementary field Y, and obtaining the GaN crystal substrate of low dislocation 
(claim 46). 

[0112]By forming the pit which consists of facet surfaces in the growth surface at the 
time of crystal growth as a actual realization method, making a pit bottom always hold 
and carry out crystal growth of the closing defect collective region H, and making a 
closing defect collective region capture a rearrangement, It is that it is made to reduce 



the rearrangement of the single crystal part (the single crystal low dislocation 
complementary field Y, the single crystal low dislocation company field Z) of the 
circumference (claim 47). 

[01 13]These are the basic thought of this invention. It is just insufficient to generate the 
pit which consists of facets to a crystal surface. It is required for the closing defect 
collective region H to exist in the bottom following a pit. It is important for the closing 
defect collective region H that this is an aggregate of a defect and is space moreover 
thoroughly closed by the grain boundary K although it consists of an inside (it is called 
the core S) and the surface (it is called the grain boundary K). And since the core S 
bears accumulation of a rearrangement, and disappearance in addition to the grain 
boundary K and it, the rearrangement of other portions decreases. 
[0114]"— others — partial" is divided into two. They are a portion which continues 
under a pit, and a portion out of a pit. The portion covered with a pit will be called the 
single ciystal low dislocation company field Z here. The portion out of a pit is called the 
single ciystal low dislocation complementary field Y. All are low dislocation and, 
moreover, single crystals. 

[0115]There is a role of a closing defect collective region in using the single crystal low 
dislocation complementary field Y and the single crystal low dislocation company field 
Z as a low dislocation single crystal. That is because the grain boundary K and the core 
S absorb a rearrangement, and extinguish it, or it accumulates and it does not detach. In 
this invention, the closing defect collective region H is the most important. The closing 
defect collective region H has root importance in this invention. 

[0116]Then, although a surface pit is necessity or ? to why, it has two functions. I hear 
that one holds the closing defect collective region H at the bottom of a pit, and it is in it. 
The closing defect collective region H is made succeeding the bottom of a pit. The 
closing defect collective region H is not made without a pit. It is the closing defect 
collective region, pit **. Generation of a pit is indispensable at the point. However, 
reverse is not necessarily truth. Even if there is a pit, a thing without a closing defect 
collective region is also in the bottom of it. It can be called an empty pit. It is what must 
not be made into an empty pit. 

[0117]Although prior [ of this invention person / above ] (JP,2001-102307,A) made pit 
generation indispensable requirements, it was an empty pit without the closing defect 
collective region H. Therefore, the disappearance accumulation of the rearrangement 
was not able to be carried out. A rearrangement was not able to be shut up although the 
surface state defect and line defect which make the angle of 60 degrees were made to 
the pars basilaris ossis occipitalis of the empty pit. 



[01 18]This invention forms the closing defect collective region H in the bottom of a pit. 
Thus, the pit which has a closing defect collective region at the pars basilaris ossis 
occipitalis can be called a "real pit." This invention can be made to carry out 
disappearance accumulation of the rearrangement by generating a real pit therefore and 
providing a closing defect collective region in a closing defect collective region 
eternally. 

[01 19] With epitaxial growth, I hear that the inclination for inner draws the surrounding 
rearrangement (a single crystal low dislocation company field and a single crystal low 
dislocation complementary field) in the inside, and sweeps another role of a pit to the 
closing defect collective region H, and it has it. A rearrangement is not concentrated to a 
closing defect collective region without the inclination of a pit only by being extended 
upwards as it is (parallel to a growth direction). If it does not concentrate, a 
rearrangement does not decrease. Therefore, there are a role of holding the closing 
defect collective region H, and a role of collecting rearrangements and introducing to a 
closing defect collective region in a pit. 

[0120]Then, although it is the problem [ make / why / a closing defect collective 
region ] ?, for that purpose, a seed is distributed over a substrates face in early stages of 
crystal growth. When a seed is in a substrates face, a closing defect collective region 
and a pit are formed on it. The position of a closing defect collective region and a pit 
can be correctly specified by arranging a seed positively to a substrates face. In fact, the 
idea of new originality of this invention is in seeding of a seed. The closing defect 
collective region H and a pit are regularly generable geometrically by arranging a seed 
regularly geometrically. 

[0121]Supposing the closing defect collective region cannot use it, being a set of a 
defect, it can use the remaining single crystal low dislocation company fields Z and the 
single crystal low dislocation complementary field Y. If the position of a closing defect 
collective region can specify beforehand strictly by seeding of a seed, it will be that the 
single crystal low dislocation complementary field Y and the single crystal low 
dislocation company field Z can specify beforehand. Such spatial controllability 
originates in seeding of a seed. Worth of this invention is in the spatial controllable 
height that a single crystal low dislocation company field and a single crystal low 
dislocation complementary field can be specified by the ******. 

[0122]The closing defect collective region H is fundamentally important in this 
invention. Then, it is necessary to explain in more detail about a closing defect 
collective region. A closing defect collective region does not take one kind of structure. 
It turned out that there is a closing defect collective region of various structures, such as 



polycrystal and a single crystal. A single crystal also has what has various directions. I 
will explain the kind of closing defect collective region below. Any closing defect 
collective region of structure can do the effect of rearrangement reduction so based on 
the basic principle of this invention. 

[0123][— 1. — closing defect collective region H(claim 48)] of polycrystal — the closing 
defect collective region H may be the scattering polycrystal GaN of a direction. In that 
case, only a closing defect collective region is polycrystal and the single crystal low 
dislocation company field Z directly under a pit accompanied to the circumference of a 
closing defect collective region and the single crystal low dislocation complementary 
field Y of the outside are single single crystals. If a closing defect collective region is 
polycrystal, it is a meeting of a grain boundary. The grain boundary K of a closing 
defect collective region periphery means the continuity of the grain boundary besides 
the maximum. 

[0124][— 2. - closing defect collective region H(claim 49)] of the single crystal of a 
different direction — the closing defect collective region H may be a set of one or more 
pieces of the single crystal GaN of a different fixed direction from the surrounding 
single crystal. When making it grow up to be C plane direction, the single crystal low 
dislocation company field Z and the single crystal low dislocation complementary field 
Y are single crystals which make a field (0001) surface parallel. Although a closing 
defect collective region is a set of a crystal with a fixed direction, c axis, an a-axis, etc. 
contradict the c axis of a single crystal portion, and an a-axis. 

[0125][the closing defect collective region H (claim 50) of the single crystal of the 
direction only whose 3. <0001> corresponds] — only the surrounding single crystal and 
<0001> have the common closing defect collective region H — in addition to this — 
coming out ~ it may be a set of one or more pieces of the single crystal GaN of a 
different fixed direction. When making it grow up to be C plane direction, the single 
crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y are single crystals which make a field (0001) surface parallel. 
Although a closing defect collective region makes c axis parallel to the c axis (<0001>) 
of a single crystal portion, the a-axis of a single crystal portion differs [ an a-axis and a 
b-axis ] from a b-axis. That is, it is rotating to the circumference of c axis. If a closing 
defect collective region is rotated to the circumference of c axis on the contrary, it will 
become the same direction as a single crystal portion. 

[0126][— 4. — closing defect collective region H(claim 51, claim 52)] of the single 
crystal which polarity reversed ~ the c axis of the closing defect collective region H is 
anti-parallel to c shaft orientations of a single crystal portion. That is, in the closing 



defect collective region H, only 180 degrees of the <0001> directions are reversed the 
surroundings of it, and it has become the single crystal which polarity has reversed. If 
180 degrees of c axis of the closing defect collective region H are rotated, it can do 
identically to the direction of a single crystal portion. Although the GaN crystal has 
polarity and the surface of the field (0001) is a Ga atom side, the field (000-1) is a 
nitrogen atom side. Therefore, when only 180 degrees of the <0001> directions are 
reversed and polarity is reversed, a grain boundary exists in the boundary of the field. 
Even if this closing defect collective region H is a single crystal, it may be polycrystal 
which consists of one or more crystal grains which only 180 degrees of the <0001> 
directions reversed. 

[0127][— 5. — closing defect collective region H(claim 53)] divided with the surface 
state defect — the closing defect collective regions of the surrounding single crystal 
portion are one or more ciystal grains divided with the surface state defect. 
[0128][— 6. — closing defect collective region H(claim 54)] divided with the line defect 
- the closing defect collective regions of the surrounding single crystal portion are one 
or more crystal grains divided by the line defect. 

[0129][— 7. ~ closing defect collective region H(claim 55)] of the same direction 
divided with the surface state defect - although a surrounding single crystal portion and 
crystal orientation have the same closing defect collective region, they are one or more 
crystal grains divided with the surface state defect. 

[0130][— 8. -- closing defect collective region H(claim 56)] divided with the line defect 
~ although a surrounding single crystal portion and crystal orientation have the same 
closing defect collective region, they are one or more crystal grains divided by the line 
defect. 

[013 1][— 9. ~ closing defect collective region H(claim 59)] which fine-inclined ~ a 
closing defect collective region is almost the same to the crystal orientation of the 
surrounding single crystal portion — it fine-inclines but. 

[0132]The above is the diversity about the crystal orientation of a closing defect 
collective region. A defect is also explained following crystal orientation. Especially the 
inside of a closing defect collective region has many crystal defects. When a closing 
defect collective region is polycrystal (1), naturally there is a grain boundary. However, 
even when the closing defect collective region H is a single crystal, a defect increases. 
The bottom of the pit which consists of facet surfaces is in the inside of the closing 
defect collective region H. The collective part of a rearrangement group may be formed 
in the inside of a closing defect collective region, or a surface state defect may be 
formed. Therefore, it may be said that a closing defect collective region is divided with 



a surface state defect with the surrounding single crystal part including a defect. 
[0133][— 10. — closing defect collective region H(claim 57)] divided with the surface 
state defect including the defect - the closing defect collective region H is divided with 
a surrounding single crystal portion and surface state defect including a crystal defect. 
[0134][— 11. — closing defect collective region H(claim 58)] divided with the line 
defect including the defect — the closing defect collective region H is divided with the 
surrounding single crystal portion and the aggregate of a line defect including a crystal 
defect. 

[0135][— 12. - closing defect collective region H(claim 60)] containing a line defect 
and a surface state defect - it is that the defect is a surface state defect including a 
crystal defect, or the closing defect collective region H is a line defect in many cases. 
[0136]Various closing defect collective regions were explained above. Next, although it 
is a direction of ciystal growth, it is usual that the directions of crystal growth are c 
shaft orientations (claim 61). Since the gallium nitride ciystal of a hexagonal system is 
grown up on a different-species board, if it is made to grow up to be c shaft orientations 
which have symmetry 3 times, the symmetry of the crystal orientation of a 
diffcrcnt-spccies board and GaN can be made to agree. Therefore, it will say [ making it 
grow up to be c shaft orientations in many cases and ]. Since the growth of those other 
than c axis is also possible if the GaN itself can be used as a substrate, but it is a 
different-species board, c axis growth is in use. 

[0137]In that case, the pit which consists of facet surfaces serves as reverse 12-sided 
reverse 6-sided pyramids or pyramids (claim 62). GaN is a hexagonal system and it is 
because it has six equivalent inclined planes in the circumference of c axis. It forms a 6 
pyramid pit. Although drawiiig..t...illustrates the pit made in C side, the pit of reverse 
6-sided pyramids has six inclined planes. An average growth direction is the upper part 
in c shaft orientations, i.e., a figure. However, in an inclined plane (facet surface), a 
field grows for inner like an arrow. An equivalent inclined plane forms 12-sided 
pyramids with 2 sets. That is, (hkmn), since what replaced the three indices h, k, and m 
in front of a field is equivalent, six equivalent fields exist. 

[0138]Generally the indices of crystal plane of a facet surface can be expressed like 
{kk-2kn} (k and n are integers) and {k-k On} (claim 64). These two kinds of fields exist 
every 60 degrees, respectively, and 2 sets of fields make the angle of 30 degrees. 
Therefore, the field of a 30-degree unit can be constituted. Therefore, reverse 12-sided 
pyramids are made. When only one of groups is better, it becomes reverse 6-sided 
pyramids. 

[0139]The facet surfaces which occur frequently most also in it are {11-22} side and 



{1-101} side (claim 65). Reverse 6-sided pyramids are made only in either, and if both 
coexist, reverse 12-sided pyramids will be made. It may come also out of {11-21} side. 
[0140]The thing of reverse 12-sided the reverse 6-sided pyramids of the two-step pile 
from which an angle of inclination differs and pyramids also has a pit which 
furthermore consists of facet surfaces (claim 63). This means that there are {11-22}, 
{1 1-21}, {1-101}, and a thing from which the c axis index n differs {102 [ 1-]} So that 
it may say, and there is. The shallower one of an inclination comes to a center (direction 
[ n is large ]). the tight field of an inclination — a periphery — coming (n is small) - it 
connects with the single ciystal low dislocation company field Z. 

[0141]The relation of the facet at the time of the closing defect collective region H and 
crystal growth is described. It turned out that there is a fixed relation to the indices of 
crystal plane of the closing defect collective region H and a facet surface. The closing 
defect collective region H is located at the pit bottom which consists of facet surfaces. 
The closing defect collective region H has a field where indices of ciystal plane differ 
from the facet surface of a pit for a while (claim 66). The indices of ciystal plane of the 
facet surface of most which constitutes apit like point ** are {1 1-22} and {1-101}. 
[0142]However, the crowning (pit bottom) of the closing defect collective region serves 
as an inclination shallower than the inclined plane of a facet (claim 67). For example, a 
two-step inclined plane is shown in drawing 5 (b) and (3). Since it means that the index 
ofc axis is larger, {11-24}, {11-25}, {11-26}, {1-102}, {1-104}, etc. appear, I hear that 
it forms an inclined plane of the pit bottom, and it has it (claim 67). With the single 
crystal low dislocation company field Z and the single crystal low dislocation 
complementary field Y, only 180 degrees of the directions of <0001> are reversed, and 
the closing defect collective region H following the pit bottom which consists of facet 
surfaces grows considering the smaller plane direction of an angle of inclination as the 
surface notably, when polarity is reversed (claim 68). In this case, the smaller crystal 
face orientation of an angle of inclination consists of {11-2-4}, {11-2-5}, {11-2-6}, 
{1-10-2}, {1-10-3}, and {1-10-4} (claim 69). Since it is buried with growth and serves 
as a closing defect collective region, a closing defect collective region will also say 
suddenly the larger indices of crystal plane of such n. The boundary of the closing 
defect collective region at the pit bottom which consists of facet surfaces is formed in 
the boundary part whose angle is shallower than the facet surface which constitutes a pit 
(claim 70). In the closing defect collective region H, only surrounding single crystal 
regions and the <0001> directions reverse 180 degrees of especially this phenomenon, 
and when polarity is reversed, it accepts notably (claim 71). It is important knowledge 
that the angle of the inclined plane of a pit bottom is shallow. 



[0143]The closing defect collective region H at the pit bottom which consists of facet 
surfaces concentrates and exists in punctiform (claim 72). It means that punctiform 
called it neither a line nor doughnut shape here, and it has gathered for the point at one 
place. For example, the black portion of the center of the concentric circle of drawing 7 
is the closing defect collective region H, and is concentrating on punctiform. Since it is 
concentrating on punctiform, even if it carries out cleavage of the GaN board in the 
various directions, there is an advantage that the probability that the closing defect 
collective region H will come out in a section is low. 

[01 44] Since it is hard to expose the closing defect collective region H to a cleavage 
plane, a cleavage plane can be used effectively. The profits that cleavage is easy are also 
in it. It is because cleavage will be barred if the flat surface which is going to carry out 
cleavage has a defect. 

[0145]A diameter of 1 micrometer - 200 micrometers can be held, and the closing 
defect collective region H made at a pit bottom can grow up it (claim 73). Although 
based also on a growing condition, a rearrangement can be brought together in the 
closing defect collective region H of the center of a pit by the diameter of the closing 
defect collective region H being 1 micrometer - 200 micrometers, and making it grow 
up. 

[0146]When the diameter of a facet-like pit is small, the smaller one of the diameter of 
the closing defect collective region H is also good. When the diameter of a facet-like pit 
is large, the larger one of the diameter of the closing defect collective region H is also 
good. It actually sets and the diameter of a closing defect collective region has an effect 
(rearrangement reduction) with 1 micrometer by the case where it is small, and even 
when large, in consideration of economical influence, it is thought that 200 micrometers 
even in diameter are suitable. 

[0147]The shape (cross section) of the closing defect collective region H of the pit 
bottom which consists of facet surfaces is usually an infinite form (claim 74). This is for 
a closing defect collective region to change from a relation with crystal orientation 
according to facet shape, since it is unstable also in energy as the closing defect 
collective region H grows. 

[0148]Depending on the case, the shape (cross section) of a closing defect collective 
region can become a round shape (claim 75). When there are many particle numbers of 
the polycrystal grain of the closing defect collective region H, or when the diameter of a 
closing defect collective region is large, the thing of a circular section is often seen. 
[0149] When there are few polycrystal particle numbers of the closing defect collective 
region H of the pit bottom which consists of facet surfaces on the other hand, or when 



the diameter of a closing defect collective region is small, the shape of the closing 
defect collective region H may become a square shape (claim 75). 
[01 50] When the average crystal growth directions are c shaft orientations, the 
polycrystalline region part of the pit bottom which consists of facet surfaces in the 
outermost surface of actual crystal growth, Following on a pit bottom, it will be formed 
with crystal growth, and, as a result, will exist during a crystal in the form where the 
polycrystalline region was extended pillar-shaped in parallel to c axis (claim 76). 
[0151]In the boundary of the closing defect collective region of the bottom of the pit 
which consists of facet surfaces in that case, and a surrounding single crystal part (the 
single crystal low dislocation complementary field Y, the single crystal low dislocation 
company field Z), The rearrangements extended in parallel with C side toward the 
closing defect collective region H from the single crystal part are collected, and the 
mechanism which carries out disappearance accumulation of the rearrangement on the 
boundary K, and reduces the rearrangement of a single ciystal part works (claim 77). 
[0152]In the pit where the mechanism of this rearrangement concentration consists of a 
facet surface leaning from C side, By extending a rearrangement toward a pit center in 
parallel with C side with growth of a facet surface, and concentrating on a closing defect 
collective region, I hear that the penetration dislocation in the single crystal parts Z and 
Y is reduced, and it is (claim 78). For example, since a facet surface is laminated for 
inner like an arrow by (a) of drawing 1 , and (b), a rearrangement comes to advance for 
inner in parallel with C side, as shown by the arrow. That is, it concentrates toward a pit 
center and a rearrangement is absorbed by the closing defect collective region H of the 
central part. Drawing 2 is a top view for the movement toward a rearrangement in a 
facet surface to be shown. If the rearrangement advanced for inner collides with the 
ridgeline 8 of six-sided pyramids, since it will convert in the direction of a ridgeline and 
it will progress horizontally along a ridgeline, it is concentrated on the central multiplex 
point D. 

[0153]It is a mechanism of rearrangement reduction in which prior ******** was also 
described. However, a closing defect collective region did not exist under the multiplex 
point, but it became the large surface state defect 10 like drawing 1 (b), and point ** of 
rearrangement reduction was insufficient. 

[0154]Although drawing 3 shows movement of the rearrangement in point **, there is 
no closing defect collective region in the bottom of a pit. Therefore, the rearrangement 
is wide opened, although it concentrates, and it may spread again. Degree of 
concentration is also low. In a open system, it is bad. 

[0155]This invention has a closing defect collective region in a pit bottom, as shown in 



drawing 4 , and a rearrangement is absorbed by the closing defect collective region H. A 
part disappears here and a part is accumulated. The part is the core S of the grain 
boundary K and an inside which is a peripheral part of the closing defect collective 
region H. It may be the grain boundary K and they may be both K and S. Anyway, the 
closing defect collective region is closed by the grain boundary K, and is sealed space. 
Once a rearrangement goes into the closing defect collective region H theoretically, it 
cannot come out again. Therefore, reduction of a rearrangement in the single crystal low 
dislocation complementary field Y and the single crystal low dislocation company field 
Z is eternal. Contrast of point ** and this invention appears well in drawing 3 and 
drawing 4 . 

[0156]Now, it explains applying the technique of this invention how in manufacture of 
a actual gallium nitride substrate. Since a different-species board is used, let c shaft 
orientations which have symmetiy 3 times be a growth direction. 

[0157]The pit which consists of facet surfaces in the surface at the time of crystal 
growth is formed, and the bottom of the center of a pit is made to arrange this regularly, 
and is made to carry out crystal growth of what has the closing defect collective region 
H as a basic structure as a crystal growth method of a actual crystal substrate (claim 79). 
[0 1 58] It means that a pit and a closing defect collective region are arranged regularly 
spatially, and there is. The arrangement of a regular foundation structure object is 
shown in drawing 6 (b), drawing 7 , and drawing 8 (a), (b). It is best to fill space 
everywhere with the same regular pattern. In that case, a possible pattern is decided 
naturally. 

[0159]Thus, in order to put in order the pit which consists of facet surfaces and has a 
closing defect collective region in the center that it is regular and there are no dark 
circles, Only three kinds of patterns, symmetry (an equilateral triangle is arranged on a 
vertex side by side), 4 times symmetiy (a square is arranged on a vertex side by side), 
and two-times symmetry (a rectangle is arranged on a vertex side by side), have 6 times. 
More patterns will become possible if the conditions of it being the same without dark 
circles, and arranging are removed. 

[0160][1. 6 times symmetry pattern (drawing 8 (a), (b)) (claim 80)] — although this 
shows drawing 8 , since pits are a circularly near dudecagon and a hexagon - the 
maximum — it becomes dense arrangement. A length of one side of an equilateral 
triangle is called the pitch p. This is a repeating cycle of a pattern. If an adjoining pit 
contacts mutually, the diameter d of a pit will be almost equal to the pitch p (p=d). (a) of 
J : ,i\s W% > has the direction of a pitch parallel to the direction of <ll-20> of a GaN 
crystal, (b) of drawing 8 has the direction of a pitch parallel to the direction of <1-100> 



of a GaN crystal. 

[0161]In this figure, the black dot of the center of a concentric circle is the closing 
defect collective region H. Although the portion of the white round head of the 
circumference shows the breadth of a pit, it shows the range of the single crystal low 
dislocation company field Z simultaneously. The field of the narrow triangle made to 
the crevice between adjoining concentric circles is the single crystal low dislocation 
complementary field Y. the maximum — I hear that the area of the single crystal low 
dislocation company field Z occupied in a certain definite area becomes the maximum, 
and arranging densely has it. However, closing defect collective region area also 
becomes the maximum simultaneously. The area of the single crystal low dislocation 
complementary field Y becomes the minimum on the contrary. As for the field (single 
crystal low dislocation complementary field Y) grown-up from C side, specific 
resistance tends to become high. Therefore, when considering it as a conductive 
substrate, the symmetrical 6 times pattern in which Y becomes narrow is desirable. 
[0162][2. 4 times symmetiy pattern ( drawing 9 (a), (b))] (claim 81) Although this shows 
drawing 9 . since pits are a circularly near dudecagon and a hexagon, it becomes the 
dense arrangement of a degree in the middle. A square length of one side is called the 
pitch p. This is a repeating cycle of a pattern. If an adjoining pit contacts mutually, the 
diameter d of a pit will be almost equal to the pitch p (p=d). (a) of drawing 9 h as the 
direction of a pitch parallel to <1 1-20> of a GaN crystal, and the direction of <1-100>. 
As for (b) of drawing. 9, the direction of a pitch makes 45 degrees to <1 1-20> of a GaN 
crystal, and the direction of <1-100>. This direction cannot be expressed with low 
indices of crystal plane. 

[0163]In this figure, the black dot of the center of a concentric circle is the closing 
defect collective region H. Although the portion of the white round head of the 
circumference shows the breadth of a pit, it shows the range of the single crystal low 
dislocation company field Z simultaneously. The field of the asteroid made to the 
crevice between adjoining concentric circles is the single crystal low dislocation 
complementary field Y. As for this, the area of the single crystal low dislocation 
complementary field Y becomes large rather than the precedent 1. The field (single 
crystal low dislocation complementary field Y) grown-up from C side is not preferred 
when making it into a conductive substrate, since specific resistance is high. However, 
in the case where the shape of a GaN device chip is a square, this is more preferred 
much. It is the single crystal low dislocation complementary field Y and the single 
crystal low dislocation company field Z which can actually be effectively used as a 
device chip, and since it is large regularly, device arrangement has a margin. If the pitch 



of a device and the pitch of a pit are made to agree, a device can be altogether produced 
on the same conditions and cleavage will also become simple. 

[0164][— 3. — two-times symmetry pattern ( drawing 10 (a), (b)) (claim 82)] — although 
this shows drawing 10, since pits are a circularly near dudecagon and a hexagon, it 
becomes the arrangement which is not dense. Foundations are rectangles. The pitch p by 
the side of the shorter side and the pitch q by the side of a long side must be 
distinguished. This means that the repeating cycle of a pattern has anisotropy, and is in 
it. If an adjoining pit contacts mutually, the diameter d of a pit will be almost equal to 
short pitch p (p=d). (a) of drawing 10 has the direction parallel to the direction of 
<1 1-20> of a GaN ciystal of short pitch p. (b) of ! i has the direction parallel to 

the direction of <1-100> of a GaN crystal of short pitch p. 

[0165]In this figure, the black dot of the center of a concentric circle is the closing 
defect collective region H. Although the portion of the white round head of the 
circumference shows the breadth of a pit, it shows the range of the single crystal low 
dislocation company field Z simultaneously. The band-like field where the width made 
to the crevice between adjoining concentric circles is wide is the single crystal low 
dislocation complementary field Y. The area of the single crystal low dislocation 
complementary field Y becomes large rather than two of precedents as this makes q 
larger than p. It is the single crystal low dislocation complementary field Y and the 
single crystal low dislocation company field Z which can be effectively used as a device 
chip, since it is large regularly, device arrangement has a margin, and since a actual 
device chip is a rectangle, it can be said for this pattern to be the optimal. 
[01 66] Although many pits which have a closing defect collective region at the pars 
basilaris ossis occipitalis, and become it from a facet surface in the crystal surface at the 
time of crystal growth are arranged regularly, it is desirable for the shortest centre 
distances (pitch p) between those pits to be 50 micrometers - 2000 micrometers (claim 
83). 

[0167]It will be hard to use if considering producing a actual device on it a pit pitch is 
smaller than the chip size of a device. Therefore, at least 50 micrometers is required for 
the pitch of the pit of a low dislocation single crystal. It is difficult to manufacture a 
device at less than it. 

[0168]The maximum of a pit pitch is about 2000 micrometers on the contrary. The 
depth of a pit will also become large if a pitch becomes large too much. It grinds, and 
although removed, if a pit is large, since polish thickness will become large greatly [ the 
depth ], futility of a pit part increases. Since it becomes disadvantageous economically, 
the pitch of a pit shall be 2000 micrometers or less. Even if it is restriction by an 



economical reason and a pitch is more than this, there are effects of enough of 
rearrangement reduction of this invention. 

[01 69] [Formation method of the closing defect collective region H] The formation 
method of the closing defect collective region H generated at the center-section bottom 
of the pit which consists of facet surfaces is explained. Even a pit shows drawing 5 (a) 
and (b) the growth about a part. Drawing 6 shows the top view of a substrate. 
[0170]In the crystal growth of this invention, the substratum substrate 21 used as a base 
is used. Of course, it is good also considering a gallium nitride single crystal as the 
substratum substrate 21. However, since a large-sized GaN single crystal substrate 
cannot be manufactured easily, it is realistic to use a dissimilar material as a substrate. 
Although a different-species board or a GaN board may be used, the kind 23 of a 
closing defect collective region is arranged to the part which should serve as a closing 
defect collective region of the substratum substrate 21. This figure is illustrating only a 
part for one of a pit, a kind, and a closing defect collective region, and many pits are 
actually formed in the surface. 

[0171]The kind 23 is arranged regularly geometrically in a substrate face. A top view is 
as being shown in drawing 6 (a). Here, the kind 23 is arranged in the position which 
becomes symmetrical with 6 times on the substratum substrate 21. The substrates face 
has exposed the remaining portion 19 of the substratum substrate 21. The GaN crystal 
22 is grown up on the substratum substrate 21 and the kind 23. Although GaN cannot 
grow easily on the kind 23, a ground top grows easily. The difference of the difficulty 
of growth is used and a pit is generated. It is a skillful method. As shown in (2) of 
drawing 5 (a) and (b), on a bed surface, the crystal 22 is attached thickly, and the flat 
face 27 (C side) can do an it top. Since a crystal is not attached easily, the kind 23 top 
serves as the pit 24 (crevice). The pit 24 consists of the facet surface 26 of six or 12. It 
is important on the kind 23 that the pit 24 is made. 

[0172]the facet surface 26 which will counter if the GaN crystal 22 is furthermore 
grown up — the kind 23 top — ****** — it becomes like. If it becomes so, some GaN 
crystals will accumulate also on the kind 23. This portion serves as the bottom 29 of the 
pit 24. It moves upwards with growth in the pit 24. A crystal also deposits the bottom 29 
of the pit 24 gradually. (3) of drawing 5 (a) and (b) shows such a state. 
[0173]The crystal 22 of other portions of the crystal 25 which grows up to be under the 
bottom 29 continuously is heterogeneous. The crystal 25 of a portion which hits on the 
lower kind 23 of the bottom 29 is called the closing defect collective region H. The 
boundary line 30 of the closing defect collective region H and the other crystals 22 is 
the grain boundary K. An inside is called the core S to it. That is, the seed 23-closing 



defect collective region H-bottom 29 is located in a line up and down. The central 
bottom of a pit certainly comes above the position of the kind 23, and between a seed 
and pit bottoms is the closing defect collective region H (claim 84). 
[0174]The crystal of the portion [ directly under ] of the facet 26 hits the single crystal 
low dislocation company field Z. The crystal [ directly under ] of the flat face 27 hits the 
single crystal low dislocation complementary field Y. There are two kinds of cases 
about the pit bottom 29. In drawing_5_(a), the inclination of the pit bottom 29 is a field 
of the crystal orientation the same as the inclination of the facet 26, and same. However, 
in the case of drawing 5 (b), the inclination of the pit bottom 29 is what has an 
inclination looser than the facet 26 (claim 85). The pit bottom 29 where an inclination is 
shallow serves as a field which is different from the facet surface 26 for a while. That is, 
the indices of crystal plane n of c shaft orientations are somewhat large. As shown in 
(11-24), supposing the facet surface 26 is (11-22), the bottom 29 following it can be 
expressed. 

[0175][Possibility of various kinds] The kind 23 used as the basis of a closing defect 

collective region may be directly attached to a substratum substrate, and after it puts a 

GaN layer on a substratum substrate thinly, it may be attached on it. 

[0176]The kind 23 should be arranged regularly spatially. Symmetry, 4 times symmetry, 

and a seed pattern symmetrical with two times were already explained 6 times. 

[01 77] As a gestalt material of a seed, what is necessary is just the material in which 

GaN cannot grow easily, and there are a thin film, particles, a different-species 

substrates face, etc. In the case of a thin film, both an amorphous thin film and a 

polycrystalline thin film can be used (claim 86). If gestalten, such as a thin film, 

particles, and a substrates face, differ, the method of producing a seed differs also from 

arranging method. 

[01 7 8] [Manufacturing method 1 (in the case of a thin film) of a seed] The kind of a thin 
film is put on the portion which should be made a closing defect collective region on a 
substratum substrate. It has two-dimensional shape and a thin film can be patterned after 
desired shape and distribution (claim 87). In order to pattern, the method of using a 
photolithography, the method of vapor-depositing a thin film using a metal mask, the 
print processes using a mask, etc. are possible. By patterning with sufficient accuracy, 
the accuracy of position of a closing defect collective region improves. 
[0179]Shape of each kind can be made into circular, a polygon, etc. (claim 88). 
Polygons are a triangle, a quadrangle, a hexagon, an octagon, etc. This also influences 
the shape of the closing defect collective region H. It is preferred that the diameter of 
the amorphousness patterned after circular [ these ] and a polygon and a polycrystalline 



thin film shall be 1 micrometer - 300 micrometers (claim 89). The size of the closing 
defect collective region H which grows on it with the size of a seed is decided generally. 
Since 1 micrometer - about 300 micrometers are good as a diameter of a closing defect 
collective region, the size of a seed is also made such. It seems that however, the closing 
defect collective region diameter is slightly smaller than a seed diameter. 
[01 80] [the kind of seed material of a thin film] — although metal or an oxide may be 
sufficient as the polycrystalline thin film for using a seed, and an amorphous thin film — 
especially [0181]b. Si0 2 thin film (claim 90) (polycrystal or amorphous substance) 
**. S13N4 thin film (claim 90) (polycrystal or amorphous substance) 
**. Pt membrane (claim 91) (polycrystal) 
**. W thin film (claim 92) (polycrystal) 
**** is effective. 

[01 82] [Manufacturing method 2 (in the case of particles) of a seed] A seed is not 
necessarily restricted to a thin film. It can be considered as the kind of a closing defect 
collective region by arranging GaN polycrystal particles regularly on a substratum 
substrate (claim 93). It can be considered as the kind of a closing defect collective 
region by arranging a GaN single crystal particle regularly on a substratum substrate 
(claim 94). By arranging these GaN(s) particles on a substratum substrate, the 
polycrystal of a different direction from a surrounding single crystal part grows on it. 
[0 1 83]Although it is GaN particles, it can think it amusing to delay growth of GaN to an 
it top and to form a pit, but since particles differ in a direction, they have the operation 
which prevents it also with the crystal growth of GaN of the same material. Therefore, 
in GaN, it may not restrict but the particles of what kind of material may be sufficient. 
However, if it is considered as GaN particles, since there will be no fear of 
contamination by diffusion, it is the optimal. 

[0 1 84]Unlike a thin film, particles have a three dimensions structure, but they have an 
effect of a pit and closing defect collective region formation like a thin film. What is 
necessary is just to put on up to a substratum substrate freely, since it is independent 
particles. 

[01 85] [Manufacturing method 3 (in the case of a different-species substrates face) of a 
seed] A seed is not necessarily restricted to a thin film and particles. The substratum 
substrate side of a different kind itself can be used as a seed. Since a substratum 
substrate differs from GaN and it differs in the growth rate of GaN, it can give the 
driving force which generates a pit. It is the method by which this was also elaborate. 
[0186]It is that which exposes periodically different-species substrates faces other than 
GaN from a GaN layer, and is used as a seed (claim 95). Only in it, although it is 



unclear, they are such things. A GaN epilayer (GaN buffer layer) is once thinly grown 
up into a substratum substrate, If remove the GaN epilayer of the part which should 
generate the closing defect collective region H, a substratum substrate is made to expose 
and EPI growth of the GaN is again carried out on it, growth can be overdue on a 
substratum substrate, a pit can be generated, and a closing defect collective region can 
be made (claim 96). 

[0187]In the technique used as a seed by exposing a substratum substrate, since GaN is 
made to grow without a GaN buffer layer, on it, a closing defect collective region is 
generated in many cases. Although the thin film kind of point ** is also generable by a 
photolithography, when it is a substrates face kind, it should be cautious of yin and yang 
becoming opposite. Sapphire, a spinel, SiC, GaAs, etc. can be used as a substratum 
substrate. 

[01 8 8] [Manufacturing method 4 (when providing a thin film on a GaN epilayer) of a 
seed] A seed does not necessarily provide a thin film directly on a substratum substrate. 
A GaN epilayer can be grown up on a substratum substrate, the polycrystal of a 
dissimilar material and an amorphous thin film mask can be laminated on it, and the 
thin film mask which removed the mask selectively by the photolithography and 
remained can also be used as a seed (claim 97). That is, it becomes structure of a 
substratum substrate / GaN / thin film kind. Since what was described first did not have 
GaN and had become a substratum substrate / thin film kind, it must be distinguished. 
Also with this thin film kind, a pit can be grown up from here and the closing defect 
collective region H can be succeedingly grown up into a pit bottom. 
[01 89] [Manufacturing method 5 (when providing a thin film on a substratum substrate) 
of a seed] The thin film mask which laminated the polycrystal of a dissimilar material 
and an amorphous thin film mask directly, removed the mask selectively by the 
photolithography, and remained on the substratum substrate can also be used as the kind 
of the closing defect collective region H (claim 98). That is, it becomes structure of a 
substratum substrate / thin film kind. 

[01 90] [Operation ( drawing 5 ) of a seed] In the substratum substrate which established 
the seed, GaN grows epitaxially from a substratum substrate in parts other than a seed. 
However, a seed has the operation which prevents GaN growth and growth of GaN is 
delayed. Since they will invade if the surrounding substratum substrate top epilayer 
grows highly, although delayed, GaN rides also on a seed. It changes variously 
depending on a growing condition. Thing (A) which is polycrystal also has GaN made 
on a seed. 

[0191]A surrounding single crystal may crowd on a seed and a seed top may be used as 



a single crystal. Crystal orientation differs from the surrounding single crystal also in 
that time (B). Polarity may be reversed although ciystal orientation differs. <0001> axes 
may be common and may be rotating from the surrounding single crystal. Or only a few 
can be called single crystal in which directions differ. Since GaN made on a seed is the 
closing defect collective region H, the structure of the closing defect collective region H 
changes with conditions variously. 

[01 92] [Concomitant use 1 (instantaneous) with an ELO mask and a closing defect 
collective region kind mask] ELO (Epitaxial Lateral Overgrowth), The GaN layer which 
attached the mask which has arranged the scuttle regularly on the substratum substrate, 
and was isolated to the scuttle side is grown epitaxially, When the GaN layer exceeded 
mask thickness, the rearrangement direction becomes sideways and a GaN layer **** 
by the bisector between contiguity windows, it is the thing a rearrangement collides and 
it was made to disappear, and it is the exquisite technique of the ability to reduce a 
rearrangement in early stages. This is written on this invention person's prior ****** 
Japanese Patent Application No. No. 298300 [ nine to ], and Japanese Patent 
Application No. No. 9008 [ ten to ]. Since a layer is extended to a transverse direction 
over a mask, and a rearrangement is run horizontally, and it says that it is lateral and is 
made to grow up over a mask, it is called overgrowth. 

[0193]It is a mask (shield part area > 50%) of the negative mold that shield part area is 
large, an ELO mask has a narrow opening area, and the scuttle of a small area is 
opening it with POTSUPOTSU regularly. This also arranges a scuttle on the vertex of 
the equilateral triangle with which it covered everywhere, and a mask pattern makes it 
symmetrical with 6 times in many cases. There is also a point similar to the pattern of 
the closing defect collective region H kind described with this point until now. 
[0194]However, a point of difference exists clearly. In an ELO mask, a scuttle is small 
and its pitch of scuttle arrangement is also fine. The diameter of a scuttle and a pitch are 
several micrometers grades. It is a mask (shield part area > 50%) of a negative mold 
with a narrow opening area with a large shield part area. 

[0195]A seed pattern is a pattern in which the larger kind (diameter; 1 micrometer - 300 
micrometers) was distributed sparsely (50 micrometers - 2000 micrometers) widely. It 
is a mask (shield part area <50%) of a positive type with a large opening area with a 
narrow shield part area. Thus, shape differs from a size. 

[0196]Since operations also differ, don't mix up. First of all, it is the purpose that ELO 
extinguishes a rearrangement and it is the purpose that the kind of the closing defect 
collective region H forms the closing defect collective region H positively. 
[0197]A seed pattern has a large blank part (portion which a substratum substrate 



exposes). An ELO mask is put on a blank part. That is, it will be said that a substratum 
substrate is covered with the mask of two kinds of another ** called a seed pattern and 
the ELO mask formed in the blank part. It is the very complicated and refined technique 
(claim 99). For example, in drawing 6 (a), although the kind 23 is arranged to symmetry 
6 times on the substratum substrate 21, the large blank part 19 remains. They say that an 
ELO mask is put on the blank part 19. A mask material may be the same. Si0 2 , SiN, 
and a metallic mask can be used. If a mask material is the same, a mask can be formed 
by one vacuum evaporation, a photolithography, or printing. 

[0198]An operation of such a composite mask is separate. There is an operation which 
carries out a rearrangement sideways in GaN growth with an ELO mask, and reduces a 
rearrangement in early stages. In the kind of a seed mask, a pit and the closing defect 
collective region H are formed. It is only additive in such an operation. However, since 
the closing defect collective region H absorbs and accumulates [ disappear and ] the 
rearrangement where the rearrangement was decreasing in early stages of growth and 
which decreased, low dislocation-ization in the single ciystal low dislocation company 
field Z and the single crystal low dislocation complementary field Y is promoted further. 
[01 99] [Concomitant use 2 (temporal) with an ELO mask and a closing defect collective 
region kind mask] The method of point ** which provides an ELO mask in the blank 
part 19 ( drawing 6 (a)) of a seed has the advantage that mask formation and GaN 
growth can be performed in once. However, since an ELO mask is attached only to the 
blank part 19 without the kind 23, a growing condition will be different by a place. 
When saying that it is not preferred, it is good to carry out two steps of growth so that 
an ELO mask may be first attached on a substratum substrate, may carry out ELO 
growth, a thin low dislocation GaN layer may be made, a seed mask may be attached on 
it and facet growth may be carried out (claim 100). Since the thin buffer layer of GaN is 
grown up on a substratum substrate, an ELO mask may be attached. It is same to carry 
out ELO growth after that, to attach a seed mask and to carry out facet growth. 
[0200]In the above-mentioned method, an ELO mask is first formed on a substratum 
substrate or the substratum substrate which has a GaN buffer layer. This carries out 
etching removal of the scuttle (circular, a square shape, stick-shape) to the vertex 
position of an equilateral triangle whose one side which formed the thin film (100 nm - 
about 200 nm) of SiN or Si02, and put it in order everywhere is several micrometers, 
and forms it in it. Vapor phase epitaxy of the GaN buffer layer (80 nm - about 130 nm) 
is carried out at low temperature on it. A buffer layer is a layer for adjusting lattice 
mismatching. Vapor phase epitaxy of the GaN epitaxial layer is carried out at an 
elevated temperature on it. A GaN layer is low-dislocation-ized by lateral overgrowth. 



[0201]The seed pattern of point ** is provided on it. A thin film or particles may be 
sufficient as this. Since pattern size is large, it is distinguishable in ELO. If GaN is 
grown up on a GaN epitaxial layer with a seed pattern, a pit will be formed following a 
seed and the closing defect collective region H will be generated by the pars basilaris 
ossis occipitalis of a pit. The single crystal low dislocation company field Z is made 
under the inclined plane of a pit. It becomes C side growth between pits, and, in the 
bottom of it, the single crystal low dislocation complementary field Y is generated. 
Since the growth for two steps of different low-dislocation-izing is used, a GaN crystal 
becomes low dislocation further. 

[0202] [Method of controlling the position of the pit which consists of facet surfaces] If 
a seed pattern is arranged at a substratum substrate (what provided the GaN buffer layer 
on the substratum substrate may be used) and facet growth of the GaN is carried out on 
it, a pit will occur really corresponding to [ one ] a seed top. It is the origin of this 
invention and it was frequently explained also to also until. What is necessary is just to 
compare arrangement of the seed pattern of (a) of drawing 6, and the GaN thick film of 
(b), and he can understand it. 

[0203]This invention arranges the kind for pit generating beforehand on a substratum 
substrate, carries out crystal growth of the GaN from on the, and generates a pit with the 
priority to the place of a seed (claim 101). 

[0204]Thc amorphousness and polycrystalline thin film kind which carried out pattern 
NINGU are specifically arranged on the substratum substrate discretely periodically, 
gallium nitride is grown up from on the, and a pit can be generated preferentially on a 
thin film kind (claim 102). That is because the pit which uses a seed as a bottom since 
the conditions of growth differ by the seed and a substratum substrate margin portion 
and growth in a seed portion is delayed will be formed if GaN crystal growth is carried 
out on the amorphous polycrystalline thin film kind which carried out pattern NINGU 
(claim 103). 

[0205]Metal, an oxide, a nitride, etc. may be arbitrary, and may be thin films, or the 
things used as a seed may be particles. A seed can also be made in the combination of a 
substratum substrate and a GaN buffer layer. This was described in detail. Especially as 
an amorphous polycrystalline thin film, a Si0 2 film and an SiN film are effective (claim 
104). Particles can also be used as a seed. On what provided the thin GaN buffer layer 
on the substratum substrate or the substratum substrate, particles are arranged regularly 
and facet growth of the GaN is carried out from on the. Since the growing conditions in 
other parts differ a particle top when it does so, the pit that a bottom comes on particles 
is formed preferentially (claim 105). 



[0206]The particles of a dissimilar metal and the particles of an oxide can also be used 
as particles for that. GaN polycrystal particles and GaN single crystal particles can also 
be used (claim 106). Thus, if a seed is regularly arranged spatially on a substratum 
substrate and facet growth of the GaN is carried out on it, a pit bottom will come to 
come to a seed position. A pit position can be decided beforehand. The closing defect 
collective region H is located at a pit bottom, the single crystal low dislocation company 
field Z is under the inclined plane (facet) of a pit, and these three fields H, Y, and Z can 
be strictly given correctly by arrangement of a seed because the single crystal low 
dislocation complementary field Y is under C side growth flat part outside a pit. 
[0207] [Manufacture of a flat gallium nitride substrate] When growing up a gallium 
nitride crystal into the conventional GaAs substrate etc., unexceptional flat C side 
growth was performed. In C side growth, the beautiful flat face was held and the surface 
was growing up it. The surface was flat, although a lot of [ uniformly ] rearrangement 
was distributed and it was a thing of the high rearrangement. The case of ELO 
(Epitaxial Lateral Overgrowth) growth of point ** was also flatness C side growth. 
Then, if it is, a flat face can be used as it is. 

[0208] However, prior [ of this invention person ] (JP,2001-102307,A) proposed facet 
growth for the first time. The growing method with which this invention also says 
creation of the closing defect collective region H by seeding of a seed in addition to 
facet growth is proposed. While the growing method also maintains a facet surface, it is 
made to grow up, and the surface of the made crystal is extremely rich in unevenness 
including many pits which consist of facet surfaces. If it remains as it is, a device cannot 
be made because of unevenness. 

[0209]Therefore, the gallium nitride manufactured by the method of this invention must 
be machined, and must be ground. The gallium nitride substrate machined and ground 
can have a flat face, and can use it as the wafer for device fabrication. As machining, 
slice machining, a grinding process, wrapping processing, etc. are used. Claims 108-1 10 
carried out the claim of them. Etching, polish, machinery grinding, etc. need to remove 
the substratum substrate furthermore attached to the rear face. The rear face except a 
substratum substrate is ground evenly similarly. 

[0210]In GaN crystal growth, hold this invention and it grows up the closing defect 
collective region H, After machining the GaN crystal obtained by low-dislocation-izing 
the surrounding single crystal low dislocation company field Z and the single crystal 
low dislocation complementary field Y by using as the disappearance place of a 
rearrangement of the core S and the grain boundary K of the closing defect collective 
region H, and a storage place, it grinds and is considered as the substrate which has the 



flat surface (claim 108). 

[0211]Or this invention forms in a growth surface the pit which consists of facet 
surfaces in GaN crystal growth, Hold, make the closing defect collective region H grow 
up it to be a pit bottom, and The disappearance place of a rearrangement of the core S 
and the grain boundary K of the closing defect collective region H, After machining the 
GaN crystal obtained by low-dislocation-izing the surrounding single crystal low 
dislocation company field Z and the single crystal low dislocation complementary field 
Y by using as a storage place, it grinds and is considered as the substrate which has the 
flat surface (claim 109). 

[0212]As the method of machining, even the inside of slice machining, a grinding 
process, and wrapping processing becomes two or more combination (claim 110). As a 
substratum substrate of the ciystal growth of this invention, single crystals, such as GaN, 
sapphire, SiC, a spinel, GaAs, and Si, can be used (claim 111). 

[0213]Several Oshi's gallium nitride crystal can also be obtained by growing up a GaN 
ciystal thickly, using it as an ingot, and carrying out slice machining of the crystal 
concerned with the manufacturing method described above, when carrying out crystal 
growth of GaN (claim 1 12). It can grow up thickly on it by using as a seed crystal the 
GaN board already created by the method of this invention, under the present 
circumstances ~ it should observe — it is the fact that the closing defect collective 
region H grows on the closing defect collective region H of a seed crystal, and the 
single crystal low dislocation company field Z or the single crystal low dislocation 
complementary field Y grows on the single crystal low dislocation company field Z and 
the single crystal low dislocation complementary field Y. If another expression is 
carried out, on the closing defect collective region H of a seed crystal, the bottom of the 
pit which consists of facet surfaces will be formed, The closing defect collective region 
H is formed there, and the slant face and the level facet surface of the pit which consists 
of facet surfaces are formed on the single crystal low dislocation company field Z of a 
seed crystal, and the single crystal low dislocation complementary field Y, and the 
single crystal low dislocation company field Z or the single crystal low dislocation 
complementary field Y grows. When GaN crystal growth is thickly carried out after all 
using the GaN crystal by this invention as a seed crystal in this way, an ingot almost 
equivalent to the above-mentioned ingot can be obtained, carrying out slice machining 
from these ingots — many — the gallium nitride crystal of several sheets can be obtained 
(claim 113, claim 114). 

[02 14] [Gallium nitride substrate of this invention] The gallium nitride substrate 
produced by the crystal growth method of this invention and the manufacturing method 



is described. Since it is the substrate after carrying out machining polish, it is flat, and 
the substratum substrate is also removed. The GaN board after substratum substrate 
removal and flattening of this invention is shown in drawing 7 . This is what made the 
perspective view the observation images by CL (cathode ray luminescence), and 
showed them intelligibly, and is not a naked-eye observation image or a microscope 
image, either. It is only like [ if it sees with the naked eye ] transparent glass. 
[0215]The pattern is regularly located in a line. It is a repeated pattern of concentric 
circle shape. A central black portion is the closing defect collective region H. This is a 
portion which follows a pit bottom and grows, and consists of the core S and the grain 
boundary K surrounding it. The grain boundary K, and the core S or the grain boundary 
K serves as disappearance of a rearrangement, and a storage place. A pit is formed 
following a seed. Since the seed has been regularly arranged to the substratum substrate, 
the closing defect collective region H itself has arranged regularly. 
[0216]Since the substrate was evenly ground in this state, a pit does not exist and does 
not have a seed, cither. The closing defect collective region H of sliding direction pars 
intermedia remains. The white portion concentrically surrounding the closing defect 
collective region H is the single crystal low dislocation company field Z. It is the 
portion grown-up as an inclined wall of a pit. That is, in the past, it is the portion which 
was an inclined wall of the pit. Since the pit is removed by machinery grinding etc., it 
does not exist, but the portion which hits the history is the single crystal low dislocation 
company field Z. 

[02 17] Although the single crystal low dislocation company field Z is a round form (12 
angles, hexagon head) and it is the almost same size, the single crystal part between the 
portions which adjoined is the single crystal low dislocation complementary field Y. 
The single crystal low dislocation complementary field Y is the low dislocation of the 
single crystal low dislocation company field Z, is a single crystal, and uses C side as the 
surface. However, in CL images, there is a clear difference, and it becomes a difference 
of brightness and appears. [0218]The gallium nitride substrate of this invention has the 
closing defect collective region H in part in a substrate face, and has a low dislocation 
field (Y, Z) of a single crystal to the circumference (claim 1). 

[0219]It is one unit of only ground tissue objects that consist of H+Y+Z. If it cuts to a 
wafer by one unit, it will become such, and it becomes such also when saying that the 
pit diameter was large and formed only one pit in the whole substrate. 
[0220]Or the gallium nitride substrate of this invention makes one unit the ground tissue 
object (H+Y+Z) which has the closing defect collective region H in part in a substrate 
face, and has a low dislocation field (Y, Z) of a single crystal to the circumference, and 



consists of two or more ground tissue objects (claim 2). The above is the foundations of 
the single crystal gallium nitride substrate of this invention. 

[0221] [Kind of closing defect collective region H] Although stated frequently until now, 
there is diversity in the closing defect collective region H. Since it is polycrystal, it may 
be a single crystal. A surrounding single crystal (Y, Z) and crystal orientation differ also 
in a single crystal. It is difficult although it differs. There is a single crystal which made 
<0001> axes the circumference single crystal in common, and rotated to the 
circumference of the axis. <0001> axes may be reversed. Furthermore, crystal 
orientation may be slightly shifted from the surrounding single crystal. 
[0222]A. In the case of polycrystal (claim 3), the closing defect collective region H is 
polycrystal, and the surrounding portion (Z, Y) is a single crystal of low dislocation. In 
that case, since a direction is different, the grain boundary K exists clearly between 
surrounding portions. 

[0223 ]B. In the case of the single ciystal in which the surrounding single crystal part 
differs from ciystal orientation, the closing defect collective region H is a single crystal, 
but it may consist of one or more crystal grains with which a surrounding single crystal 
part and crystal orientation are different (claim 4). 

[0224]The closing defect collective region H may consist of one or more crystal grains 
of crystal orientation in which the 3 remaining shaft orientations differ from the 
surrounding single crystal part although only <0001> axes agree (claim 5). 
[0225]The crystal orientation of the closing defect collective region H is effective when 
the crystal orientation of <0001> shaft orientations consists of single crystal regions 
which polarity reversed unlike the surrounding single crystal part 180 degrees. Except a 
single crystal may be sufficient as the closing defect collective region H in that case, 
and it may be a crystal grain more than the piece from which 1 80 degrees of crystal 
orientation of <0001> shaft orientations differed. 

[0226]In that case, Ga (0001) side and N (000-1) side are reverse both at home and 
abroad bordering on the grain boundary K. Since GaN does not have inversion 
symmetry, [0001] and [000-1] side are different. 

[0227]The closing defect collective region H may serve as the surrounding single 
crystal part from one or more crystal grains with the crystal orientation which 
fine-inclined (claim 14). 

[0228]The closing defect collective region H may be divided with the surface state 
defect with the surrounding single crystal part (claim 8). 

[0229]The closing defect collective region H may be divided with the line defect 
aggregate with the surrounding single crystal part (claim 9). 



[0230]C. When a surrounding single crystal part and crystal orientation are the same, 
the closing defect collective region H is a single crystal with same surrounding single 
crystal part and crystal orientation, but the surrounding single crystal part may be 
divided with the surface state defect (claim 10). 

[0231]Although the closing defect collective region H is a single crystal with same 
surrounding single crystal part and crystal orientation, the surrounding single crystal 
part may be divided with the line defect aggregate (claim 1 1). 

[0232][Internal structure of the closing defect collective region H] Especially the inside 
of the closing defect collective region H has many crystal defects. A set of a 
rearrangement group and a surface state defect may be formed. Since the grain 
boundary K which is a boundary is an aggregate of a surface state defect and a line 
defect, the internal core S may be an aggregate of a surface state defect and a line defect. 
[0233]The closing defect collective region H of this invention is divided with a surface 
state defect in the boundary part with the surrounding single ciystal regions (Z, Y), and 
the inside selves as a crystalline region including a crystal defect (claim 12). 
[0234]Or the closing defect collective region H of this invention is divided with the 
aggregate of a line defect in the boundary part with the surrounding single crystal 
regions (Z, Y), and the inside serves as a crystalline region including a crystal defect 
(claim 13). 

[0235]The crystal defect included in the core S of the closing defect collective region H 
of this invention is a line defect or a surface state defect in many cases (claim 15). 
[023 6] [Shape of the closing defect collective region H] The diameters of the closing 
defect collective region H are 1 micrometer - 200 micrometers (claim 16). It is easily 
controllable by the diameter of a seed. 

[0237]In the substrate face, the closing defect collective region H may exist in dot form. 
The diameter is 5 micrometers - 70 micrometers (claim 115), and 20 micrometers - 70 
micrometers are preferred in practice (claim 17). Dot form is the language expressing 
only being isolated and being dotted, and it does not limit shape. About the shape 
[0238]In a substrate face, there is what the closing defect collective region H is also an 
infinite form (claim 18). 

[0239]In a substrate face, a circular thing (claim 19) also has the closing defect 
collective region H. 

[0240]In a substrate face, there is what the closing defect collective region H is also a 
square shape (claim 20). 

[0241]The shape of the closing defect collective region H changes according to the 
shape of a seed, crystal growth conditions, a control state, etc. 



[0242] [Distribution of dislocation density] Dislocation density was evaluated in the 
gallium nitride substrate of this invention. In the single crystal low dislocation company 
field Z and the single crystal low dislocation complementary field Y, average 
penetration dislocation density was below 5x10 6 cm~ 2 (claim 21). 

[0243] When it sees still more finely, in a less than 30-micrometer nearby (single crystal 
low dislocation company field Z) field, there is a thing of the closing defect collective 
region H for which the field of a little high 1x10 7 cm~ 2 of penetration dislocation density 
- 3x10 7 cm~ 2 is observed veiy much (claim 22). However, if it will separate from now 
on, the field below the 10 W 2 stand grade that dislocation density is very low will be 
seen. The field of 5x10 4 cm~ 2 was also seen in the low place. 

[0244]The tendency to reduce average dislocation density as it is isolated from the 
closing defect collective region H is seen (claim 24). Eye ** is because generating in 
which the rearrangement from H comes loose is seen rather than the rearrangement of 
the closing defect collective region H closes this and it is perfect. 

[0245]A transmission electron microscope (TEM), cathode ray luminescence (CL), etch 
pit density (EPD) measurement, etc. can estimate these dislocation densities. 
[0246] [Direction of a substrate] The effect of the rearrangement reduction by this 
invention is remarkable especially when the growth directions of gallium nitride are the 
<0001> directions. That is, an average growth surface is a field (0001), and when it 
starts so that C side may be used as the surface, a surface dislocation density reduction 
appears notably (claim 24). In that case, the surface of a final gallium nitride substrate is 
a C side (0001). 

[0247] [Extending direction of a rearrangement] The single crystal gallium nitride 
substrate of this invention is grown up forming in the surface many pits which consist of 
facet surfaces, and maintaining, when average growth directions are c shaft orientations. 
The closing defect collective region H is followed on a pit bottom. A facet surface 
grows in the direction which intersects perpendicularly with a field, and since a 
rearrangement moves in parallel with C side toward a pit center, it is concentrated to a 
center. The pit which consists of facet surfaces has a rearrangement centripetal action 
(Centripetal Function). A rearrangement is centralized on the central closing defect 
collective region H according to the mechanism. Therefore, in the surrounding single 
crystal low dislocation company field Z, a great portion of rearrangement carries out 
centripetal distribution (Centripetal Distribution) which goes to the closing defect 
collective region H by C side parallel (claim 28). 

[0248] [Extending direction of the closing defect collective region H] When the growth 
directions where the single crystal gallium nitride substrate of this invention is average 



are c shaft orientations, inside a crystal, the closing defect collective region H is 
extended to c shaft orientations for a long time, and exists in them (claim 29). That is, 
the closing defect collective region H is crossing substrate thickness. At the time of 
growth, that is because the closing defect collective region H is extended in parallel 
with a growth direction. Therefore, when the surface of a flat GaN board is a field 
(0001) (C side), the closing defect collective region H is extended at right angles to a 
substrate face (claim 30). 

[0249]Since the crystal growth of this invention is grown up forming and maintaining 
on the surface many pits which consist of facet surfaces, it is irregular. Therefore, it is 
necessary to process it into the substrate which carries out machinery grinding, grinds 
and has a flat smooth side. When average growth directions are c shaft orientations then, 
the made plane substrate is a gallium nitride substrate which uses a field (0001) as the 
surface (claim 3 1). When the closing defect collective region H consists of polycrystals, 
of course, only the portion serves as polycrystal. When 180 degrees of closing defect 
collective regions H are reversed to surrounding single crystal regions and c shaft 
orientations, only the portion becomes a field (000-1), i.e., Ga side, (claim 25, claim 26). 
In that case, in the stage which carried out the completion of polish, a level difference 
arises in the closing defect collective region H, and it becomes low a little (claim 27). 
Polish is carried out and this is considered to be because an easy difference. 
[0250][Pattern of the closing defect collective region H] Although stated frequently, the 
pattern of periodic regular distribution of the closing defect collective region H is 
explained here repeatedly. 

[0251]The GaN crystal of this invention makes one unit the ground tissue object which 
consists of the closing defect collective region H which is extended at right angles to the 
surface and contains many defects, the single crystal low dislocation company field Z 
which surrounds this concentrically, and the single crystal low dislocation 
complementary field Y which is the ullage space on the outside. Although one unit may 
be sufficient, it is the GaN board (claim 32) of this invention which arranged much 
these regularly. 

[0252]There are four patterns arranged regularly in two dimensions, a. It is 6 times 
symmetry ( drawing 8 ), I . 4 times symmetry ( drawing 9 ), U . 2 times symmetry 
( : La^^U.. Ii.A and four [ symmetrical with E .3 time ]. Although A - U were explained 
until now repeatedly, since there may also be E, I will describe all the possible 
arrangement here. 

[0253] [A. 6 times symmetrical pattern (drawing .8, claims 33, 34, and 35)] It arranges so 
that the ground tissue object which consists of the closing defect collective region H and 



the single crystal low dislocation company fields Z and Y of the circumference may be 
made into one unit and the closing defect collective region H may come 6 times to 
symmetry, i.e., the vertex of an equilateral triangle with which it covered everywhere. 
This is the maximum dense arrangement (claim 33). Although a pit is not a circle 
strictly in a dudecagon, it is described by the following explanation that it is a circle 
simply. An adjoining pit is explained circumscribing. 

[0254]The direction of the neighborhood of an equilateral triangle, i.e., the direction of 
the shortest pitch p, can turn into the <1-100> direction (claim 34; drawing 8 (b)). A 
pitch is p=d when a pit diameter is set to d. When cleavage is carried out, the interval h 
of the closing defect collective region H can be made large. Although the cleavage 
plane of GaN is an M side {1-100}, when it is made into a direction, it is <ll-20>. 
When it cuts in the <1 1-20> direction and the diameter of a pit is set to d, I hear that the 
interval of the closing defect collective region H is set to h=3 1/2 d, and there is. Repeat 
pitch q of the direction which intersects perpendicularly with cleavage is narrow. It is 
q=d. 

[0255]The direction of the neighborhood of an equilateral triangle, i.e., the direction of 
the shortest pitch p, can turn into the <ll-20> direction (claim 35; drawing 8 (a)). A 
pitch is p=d. The interval h of the closing defect collective region H at the time of 
cleavage (it cut in the <ll-20> direction) is narrow. The interval of the closing defect 
collective region H serves as h=d. However, the direction which intersects 
perpendicularly with a cleavage plane ********, and the pitch q can be enlarged. They 
are q=3 1/2 d. 

[0256]The cross-section area of H, Z, and Y is measured. The ratio of the single crystal 
low dislocation company field Z to the single crystal low dislocation complementary 
field Y will be decided if a pattern is decided. However, then, the ratio of concentric Z 
and H is not decided, the ratio of the radius of Z and H — xi — carrying out (xi> 1) 
[0257]Z: H=xi 2 -l:lY:(H+Z) =2x3 1/2 -pi:pi =1:10 [0258]It comes out. The single crystal 
low dislocation complementary field Y is a pattern which becomes the narrowest. The 
single crystal low dislocation complementary field Y is the portion which carried out C 
side growth, and its conductivity is low. Since the ratio of the single crystal low 
dislocation complementary field Y is low, the use as a conductive substrate has been 
turned to. 

[0259][I. 4 times symmetrical pattern (drawing 9, claims 36, 37, and 38)] The closing 
defect collective region H and the single crystal low dislocation company field Z of the 
circumference. It arranges so that the closing defect collective region H may come to 
the square vertex which it was considered as one unit, was got blocked in symmetry 4 



times, and was everywhere covered with the ground tissue object which consists of Y 
(claim 36). 

[0260]The direction of the square neighborhood can turn into the <1-100> direction 
(claim 37; drawing 9 (a)). A pitch is p=d when a pit diameter is set to d. The interval h 
of the closing defect collective region H when cleavage is carried out (when it cuts in 
the <1 1-20> direction) is narrow (h=d). Repeat pitch q of the direction which intersects 
perpendicularly with cleavage is also narrow (q=d). 

[0261]The direction of a square diagonal line can turn into the <1-100> direction (claim 
38; drawing 9 (b)). A pitch is p=d when a pit diameter is set to d. The interval h of the 
closing defect collective region H when cleavage is carried out (when it cuts in the 
<ll-20> direction) is large (h=2 1/2 d). Repeat pitch q of the direction which intersects 
perpendicularly with cleavage is also large (q=2 1/2 d). 
[0262]The cross-section area of H, Z, and Y is measured. 

[0263]Z: H=xi 2 -l:lY:(H+Z) =4 - Pi:pi=l:3.66 [0264]Come out and it is (xi is a ratio of 
the radius of Z and H). The single crystal low dislocation complementary field Y 
becomes larger. It becomes a suitable thing for the interval of the closing defect 
collective region H to also spread, and produce the device of a square chip. 
[0265][U. Two-times symmetrical pattern ( drawing 10, claims 39, 40, and 41)] The 
closing defect collective region H and the single crystal low dislocation company field 
Z of the circumference. It arranges so that the closing defect collective region H may 
come to the rectangular vertex which it was considered as one unit, was got blocked in 
two-times symmetry, and was everywhere covered with the ground tissue object which 
consists of Y (claim 39). The ratio of a rectangular long side to a shorter side is set to 
zeta (zeta> 1). 

[0266]The direction of a rectangular shorter side can turn into the <ll-20> direction 
(claim 41; drawing 10 (a)). When a pit diameter is set to d, the pitch of a short side 
direction is p=d and the pitch of a long side direction is zetad. The interval h of the 
closing defect collective region H when cleavage is carried out (when it cuts in the 
<ll-20> direction) is narrow (h=d). Repeat pitch q of the direction which intersects 
perpendicularly with cleavage is large (q=zetad). 

[0267]The direction of a rectangular shorter side can turn into the < 1 - 1 00> direction 
(claim 40; drawing 10 (b)). When a pit diameter is set to d, the pitch of a short side 
direction is p=d and the pitch of a long side direction is zetad. The interval h of the 
closing defect collective region H when cleavage is carried out (when it cuts in the 
<ll-20> direction) is large (h=zetad). Repeat pitch q of the direction which intersects 
perpendicularly with cleavage is narrow (q=d). The cross-section area of H, Z, and Y is 



measured. 

[0268]Z: H=xi 2 -l:lY:(H+Z) =4 zeta-pi:pi =l+4.66(zeta-l):3.66 [0269]Come out and it 
is (xi is a ratio of the radius of Z and H). The single crystal low dislocation 
complementary field Y becomes further more large. It becomes a suitable thing for the 
interval of the closing defect collective region H to also spread, and produce the device 
of a square chip and a rectangle chip. 

[0270] [E. 3 times symmetrical pattern] It arranges so that the closing defect collective 
region H may come to the right hexagon vertex which it was considered as one unit, 
was got blocked in symmetry 3 times, and was everywhere covered with the ground 
tissue object which consists of the closing defect collective region H and the single 
crystal low dislocation company fields Z and Y of the circumference. This is what 
removed the ground tissue object alternately in the structure of drawing 8, and is sparse 
arrangement. 

[0271]The direction of the right hexagon neighborhood, i.e., the direction of the shortest 
pitch p, can rum into the <1-100> direction. The direction of the right hexagon 
neighborhood, i.e., the direction of the shortest pitch p, can turn into the <ll-20> 
direction. 

[0272]The cross-section area of H, Z, and Y is measured. The ratio of the single crystal 
low dislocation company field Z to the single crystal low dislocation complementary 
field Y will be decided if a pattern is decided. However, then, the ratio of concentric Z 
and H is not decided, the ratio of the radius of Z and H ~ xi ~ carrying out (xi> 1) 
[0273]Z: H=xi 2 -l:lY:(H+Z) =3x3 1/2 - Pi:pi=l:1.5 [0274]It comes out. The single 
crystal low dislocation complementary field Y is a pattern which becomes large. They 
are about 6 times of a thing symmetrical with 6 times. Since the single crystal low 
dislocation complementary field Y is a single crystal in low dislocation, if this [ its ] is 
large, it can carry out device manufacturing with a margin. 

[0275][Interval of the closing defect collective region H] In the gallium nitride substrate 
of this invention, the center-to-center dimensions of the closing defect collective region 
H are 50 micrometers - 2000 micrometers (claim 42). This comes from the restrictions 
on pit formation. 

[0276][The closing defect collective region H penetrates a substrate]. In the gallium 
nitride substrate of this invention, the closing defect collective region H is extended for 
a long time to c shaft orientations. The closing defect collective region H penetrates a 
substrate, and exists (claim 43). 

[0277]In the case of the crystal growth of c shaft orientations, the closing defect 
collective region H is extended to c shaft orientations. In the case of the substrate which 



uses C side as the surface, the closing defect collective region H penetrates a substrate 
to a thickness direction (claim 44). 

[0278]A semiconductor laser device is producible using the single crystal gallium 
nitride substrate explained above. It is very low dislocation, and since it is a conductive 
substrate, long lasting highly efficient laser is made. 

[0279]About the growing method of gallium nitride, as already explained, there are 
HVPE, the MOCVD method, an MBE technique, a MOC method, and the sublimating 
method. Even if the method of this invention uses which manufacturing method, it can 
be enforced. 
[0280] 

[Example] [Example 1 (a sapphire substrate, drawing 11 )] How (example 1) to 
manufacture the GaN board of this invention is described. The manufacturing process 
was shown in drawing 1 1. The sapphire C side board 51 was used as a substratum 
substrate. Drawing 11 (1) is illustrating the sapphire substrate 51. Sapphire is a trigonal 
system (Trigonal symmetry) and GaN belongs to a hexagonal system. In LED and LD 
which have already been put in practical use, the sapphire C side board is used chiefly. 
[0281]The GaN epilayer 52 about 2 micrometers thick was beforehand established in 
the sapphire substrate 51 by the MOCVD method (organic metal CVD method). 
Therefore, the surface turns into C side of GaN. 

[0282]On the upper surface of the GaN epilayer 52, the 100-nm-thick SiC>2 film was 
formed uniformly. This is for setting up the kind 53 on the GaN epilayer 52 regularly. 
The desired seed pattern 53 was formed by the photolithography. A seed pattern may be 
called a mask. The seed pattern 53 is a pattern which left many circular parts 53 and 
from which the other portion was removed so that it might cover with the equilateral 
triangle of the same size everywhere so that the direction of one side may be set to 
<ll-20> (the direction of a), and it might be located at the vertex of the equilateral 
triangle. A circular part serves as the kind 53. Arrangement of an equilateral triangle 
turns into arrangement symmetrical with 6 times as shown in drawing 8 and drawi ng 9. 
It responds to GaN on C side being symmetrical with 6 times. The state is shown in 
drawing 11 (3). 

[0283 ]It was referred to as the diameter of a circular portion, and the following four 
kinds of patterns A, B, and C to which the circular pitch was changed and D although 
the seed pattern was symmetrical with 6 times. The diameter of the circular part of each 
seed pattern and the pitch (equilateral triangle side length) of a circular part are as 
follows. 

[0284]Pattern A Diameter of a circular part 50 micrometers; equilateral triangle side 



length 400micrometer pattern B the diameter of a circular part of 200 micrometers; 
equilateral triangle side length 400micrometer pattern C Diameter of a circular part 2 
micrometers; equilateral triangle side length 20micrometer pattern D 2000 micrometers 
of; with a diameter of circular part of 300 micrometers equilateral triangle side length 
[0285]A sample with each seed pattern A, B, and C and D will be called the sample A, 
B, and C and D. 

[0286](1) The GaN crystal was grown up on the sample A with the growth kind pattern 
A of the sample A and the sample B, and the sample B with the seed pattern B. The 
HVPE method was used as a grown method. The susceptor which a longwise reactor 
has the barrier boat which accommodated Ga metal in the internal upper part, and 
placed the substrate upward below is provided. A substrate is installed on a susceptor. 
Here, the sample A and the sample B are put on a susceptor, and GaN growth is carried 
out on the same conditions. 

[0287]The latest of the substrate which supplied hydrogen gas (H 2 ) and hydrogen 
chloride (HC1) gas to Ga boat from the upper part of the reactor, and put ammonia gas 
(NH 3 ) and hydrogen gas on the susceptor can be supplied now. Hydrogen gas is carrier 
gas. 

[0288]ln Example 1, Ga boat heated the reactor at not less than 800 ** as ordinary 
pressure. The sapphire substrate was heated at 1050 **. GaCl is compounded by Ga and 
HC1. GaCl descends, and it results near a substrate and reacts to ammonia gas. GaN 
which is a resultant accumulates on the GaN epitaxial layer 52 or the kind 53. 
[0289]The growing condition of an epilayer is as follows. 
Growing temperature 1050 **NH 3 partial pressure 0.3 atm (30kPa) 
HC1 partial pressure 0.02atm (2kPa) 

Growth time 10 hours[0290]The sample A which had a GaN epilayer of 
1200-micrometer thickness on the pattern A and the pattern B, and the sample B were 
obtained as a result of this growth. Drawing 1 1 (4) shows the state. 
[0291] [Observation (SEM, TEM, CL) of the sample A] It observed about the sample A 
first. The sample A has a pit which consists of the facet surface 56 of reverse 12-sided 
pyramids on the whole surface. The pit which consists of the facet surface 56 was 
understood that it has arranged regularly on a substrate by microscope observation. 
[0292]The regularity of the arrangement of a pit was in agreement with the first mask 
(seed pattern). And the position of the center 59 of the pit which consists of the facet 
surface 56 had agreed with the position of the circular part (seed) first given on the GaN 
layer correctly. I hear that right above the kind 53 is based on the pits 59, and there is it. 
The pit center 59 comes to be located in a line with the vertex of a pattern covered with 



the equilateral triangle. One side of the equilateral triangle was 400 micrometers. 
[0293 ]The diameter of the pit which appears in the surface of the sample A was about 
400 micrometers. It is equal to the pitch (a length of one side of an equilateral triangle) 
of the arrangement of a circular part. On the seed pattern 53 (Si0 2 ), I hear that the pit 
grew up to be conical shape, and saying has it. It also turns out that the pit grown-up 
from the kind which furthermore adjoined touches mutually. 

[0294]I hear that the pit which consists of the facet surface 56 centering on the kind 
(circular part) 53 established so that it might overlap with the vertex of the repetition 
equilateral triangle with which it covered everywhere grew, and it is. In drawing 11 (4), 
it grinds on the kind 53 and a bowl -like pit exists. It grinds and the bottom 59 of the 
bowl-like pit serves as the closing defect collective region 55 of point ** (H) (the 
boundary line 60 around the closing defect collective region 55 serves as the grain 
boundary). The flat part 57 exists in the joint of an adjoining pit. The joint flat part (C 
side) 57 is a cross-joint type portion excluding the circular pit from the substrates face. 
[0295]It is beforehand described about the relation between the inside of a crystal, and a 
pit that a conclusion speeds up an understanding. There are a portion grown-up on the 
kind 53 and a portion which is not so in the inside of a crystal. The portions grown-up 
on the kind 53 are the closing defect collective region 55 and the pit bottom 59. This is a 
portion in which growth is most. Therefore, the bottom 59 of a pit serves as the closing 
defect collective region 55, and if growth continues, the upper and lower sides will all 
serve as a closing defect collective region. Since the kind 53 (Si0 2 ) is not GaN, growth 
becomes slow, therefore this becomes the bottom 59 of a pit. Since growth advances 
collecting defects, defects gather into the slowest-growing seed right above portion, and 
a pit serves as the closing defect collective region 55. That is, the surface pit bottom 59, 
the closing defect collective region 55, and the kind 53 carry out correspondence of the 
couple 1 to a crystal up and down. 

[0296]The portion grown-up directly under the inclined plane of a pit furthermore 
corresponds to the single crystal low dislocation company field 54 (Z). The portion Z is 
a single crystal. A sliding direction has correspondence of the circumference 
[ seed ]-single crystal low dislocation company field Z54-pit inclined wall 56. The flat 
part 57 remains in the joint of a pit and a pit slightly. It becomes the single crystal low 
dislocation complementary field 58 directly under the flat part 57. The portion is also a 
single crystal. There is a correspondence relation which is said to a sliding direction as 
the seed crevice-single crystal low dislocation complementary field 58-flat part 57. 
[0297]According to microscope mirror observation, the flat part 57 of the portion of the 
crevice between the pits of a dudecagon had become a field (0001) of mirror finished 



surface form altogether. The inclined plane (facet surface) inside a pit had become a set 
of {11-22} side and the {1-101} side. It turned out that the facet surface 59 where an 
angle is slightly shallow furthermore exists in the bottom of a pit. Cleavage of the 
sample A was carried out in the {1-100} cleavage plane. The section of the pit which 
appears in a cleavage plane was observed. A scanning electron microscope (SEM) and 
cathode ray luminescence (CL) performed section observation. 

[0298]It turned out that other portions extended to C shaft orientations (growth 
direction) with a certain amount of width and a distinguishable portion are under the pit 
bottom 59 as a result of this observation (portion behind named a closing defect 
collective region). A diameter is about 40 micrometers and the portion (closing defect 
collective region H) extended to the growth direction in which the distinction is possible 
became dark contrast by CL compared with other fields. This portion has been clearly 
distinguished from other portions. By carrying out cleavage in still more various 
portions showed that C shaft-orientations extension in which this distinction is possible 
existed pillar-shaped in three dimensions. 

[0299]CL (cathode ray luminescence) and TEM (transmission electron microscope) 
analyzed more the pillar-shaped portion which furthermore follows the pit bottom 59 in 
details. It turned out that the situation of a rearrangement is remarkably different from 
other portions as a result. That is, as for the portion (closing defect collective region) 
surrounded by the dark linear boundary line 60, much rearrangements existed. It was 10 
8 - 10 9 cm" 2 thing quantity dislocation density in dislocation density. It turned out that 
the still darker linear boundary line 60 (it turns out that it is the grain boundary K 
behind) is an aggregate of a rearrangement. 

[0300]It also turned out that the portion 55 surrounded by the boundary line 60 (grain 
boundary K) is a set of a crystal defect (this corresponds to the core S). A crystal defect 
is in this field 55 with a three-dimensional structure extended in the crystal growth 
direction also as a large number, and it is surrounded by the clear boundary line 60. 
Then, the portion 55 is called the core S. It decided to call collectively the core S 
containing a defect and the boundaiy line (grain boundary K) which is the defective 
aggregates surrounding it the closing defect collective region H (H=K+S). A closing 
defect collective region has defect density much higher than other portions, and the 
character of a crystal is also different. Then, it is important to distinguish this from 
others. 

[0301]Since a closing defect collective region is made on the kind 53 of drawing 1 1 (3), 
it can control the position of a closing defect collective region positively. The view is 
given to this invention for the use with this large controllability. 



[0302]I will change eyes to the outside of the closing defect collective region H. In the 
field of the outside of a dark boundary line (grain boundary K), dislocation density is 
very low. That is, dislocation density shows remarkable asymmetry bordering on a 
boundary line. The outside of a boundary line has low dislocation density, and the 
portion of the dislocation density of the degree of middle of 10 6 - 10 7 cm" 2 exists near 
the pole of a boundary line. However, dislocation density decreases as it separates from 
a boundary line. If about 100 micrometers is separated from a boundary line, dislocation 
density will fall also to 10 4 - 10 5 cm~ 2 . Depending on a place, dislocation density also 
has a portion which are 10 4 - 10 5 cm~ 2 also near the boundary line. In the exterior of a 
boundary line, dislocation density falls as it separates from the center 59 of a pit in this 
way. 

[0303]Although there are few rearrangements of the portion, the extending direction has 
most parallel to C side. It is parallel to C side and, moreover, it tends to be extended in 
the direction of a central closing defect collective region. And although the dislocation 
density of the closing defect collective region exterior is quite high at first, it turns out 
that dislocation density becomes low with growth. That is, when the early stages of 
lamination arc compared with a telophase in the boundary layer exterior, it turns out that 
dislocation density is decreasing gradually. And it turned out that the boundary layer 
exterior is a single crystal. 

[0304]That is, those facts have suggested such things. With growth, the defect of the 
outside of a boundary line is swept to a center section (closing defect collective region), 
is brought near by the facet surface, and is accumulated in a boundary line. Therefore, 
the dislocation density in the exterior decreases and the dislocation density in a 
boundary line is high. A defect goes into the internal core S further from a boundary 
line. The rate of an abundance ratio in the borderline section and the core S of these 
dislocation defects, etc. do not understand details yet. 

[0305]Since it is complicated even if it calls it the exterior of a boundary line, I would 
like to take the character and to call it a single crystal low dislocation field. However, 
even if it calls it the boundary layer exterior, there are two distinguishable fields. That is, 
the portion 54 which the inclined wall 56 of the pit passed, and the portion 58 which the 
flat part 57 of the crevice between pits passed are different. The amount of [ 54 ] pit 
inclined wall 56 direct lower part is low dislocation by having grown up according to 
the facet. Therefore, it will be called "the single crystal low dislocation company field 
Z" here. Since it accompanies to a facet, it is called a company field. Since this portion 
is a portion accompanied to a closing defect collective region, it is a portion which 
increases when a closing defect collective region exists with high density (a seed is with 



high density). 

[0306]The portion [ directly under ] 58 of the flat portion 57 (mirror plane portion 
parallel to C side) is low dislocation most, and is a field of a beautiful crystalline 
substance. Although this is not the portion which the facet surface passed, it is the 
portion low-dislocation-ized under the influence of a facet surface. Since a facet carries 
out a round shape and a dudecagon and it is extended upwards, an excessive portion 
surely remains. A wrap can do a flat surface everywhere with an equivalent equilateral 
triangle, and a flat surface can also be covered with an equivalent right hexagon. 
[0307]However, depending on a right dudecagon or a round shape, a flat surface cannot 
be everywhere called wrap. A part will remain inevitably. Even if it covers so that the 
round shape of an identical size may be adjoined, the portion of a cross-joint form 
remains. Although such a portion was set to 58 under the flat part 57, it turned out that it 
is low dislocation too and a single crystal. Since it is in the outside of a facet, it will be 
called "the single ciystal low dislocation complementary field Y" here. "A little more 
than" is the remaining portion of a facet. As for this portion, area decreases as a closing 
defect collective region exists with high density. The single crystal low dislocation 
company field Z like the point is differed from at the point. However, the point that a 
crystal is low dislocation and a single crystal is common. 

[0308]That is, the surface T of all the GaN(s) is the sum total of the closing defect 
collective region H, the single crystal low dislocation company field Z, and the single 
crystal low dislocation complementary field Y. 

A closing defect collective region is the sum of the core S and the grain boundary K. 

[0309]T=H+Z+Y, H=S+K [0310]In this way, the term was defined and the crystal was 
distinguished. The structure of the GaN crystal of this invention became clearer by this. 
[03 1 1 JFurthermore, the relation of the facet surface 56 in this closing defect collective 
region H and a pit was considered in detail. {11-22} side and the {1-101} side have 
become in use [ the facet surface which forms this pit ], and the facet surface 59 where 
an angle is slightly shallow exists in the bottom 59 of a pit to these facet surfaces 56. 
Also in advance, this is described. Some shallow facet surfaces 59 are ?. 
[0312]Investigation showed that the portion in which crystal growth was made by the 
shallower portion hits the closing defect collective region H. Grain boundary K (60) 
which is a boundary of the closing defect collective region H follows the boundary of 
the facet surface 59 where an angle is shallow, and the facet surface 56 where an angle 
is deep. It clarified that the facet surface where an angle is shallow forms the closing 
defect collective region H in the case of the sample A. 



[0313]The facet surface 59 where an angle is still shallower is formed from the both 
sides of the pit bottom. In the periphery, the facet with a shallow angle is extended to c 
shaft orientations, and has become the grain boundary K. The facet surface where an 
angle is shallow is extended to c shaft orientations, and becomes the core S in the 
central part. Both are combined and it becomes the closing defect collective region H. 
The portion of dislocation density of the core S is high. The rearrangement collected in 
the center of a pit is accumulated in the core S of the closing defect collective region H 
by a facet surface {11-22} side and {1-101} side. A periphery serves as the single 
crystal low dislocation company field Z of low dislocation, and the single crystal low 
dislocation complementary field Y by it. 

[0314]By making it grow up, while this invention always holds a facet, the closing 
defect collective region H accompanied the bottom of the facet, and it has become clear 
to complete a defect as the grain boundary K moreover. The part may be accumulated 
on the core S. It turns out that it is made such and the growing method of this invention 
is reducing the rearrangement of the portion around a closing defect collective region 
according to the facet surface. 

[03 15] [Observation (SEM, TEM, CL) of the sample B] It observed by SEM, TEM, and 
CL also about the sample B. The result is the similar thing. However, with the sample B, 
the size of the closing defect collective region H was as large as 180 micrometers. In the 
sample A, since the closing defect collective region diameter was 40 micrometers, 4 or 
more times and area increase [ it ] 20 times for a diameter. Sectional shape is an infinite 
form and that of the shape of the closing defect collective region H is pillar-shaped in 
three dimensions. 

[0316]Furthermore, the closing defect collective region H of the sample B was 
investigated in detail. In the closing defect collective region H, it turned out that it 
fine-inclines to the surrounding single crystal regions Z and Y. In the inside of the 
closing defect collective region H, it also turned out that there is subregion where some 
crystal orientation differs. The crystal orientation of subregion fine-inclines, 
respectively. The closing defect collective region H of the sample B was also 
understood that the grain which fine-inclined is included including dislocation defects 
and a surface state defect. 

[0317](Processing of the sample A and the sample B) The grinding process of the 
substrate of the sample A and the sample B was carried out. It was failed by a grinding 
process to delete a sapphire substrate on the back. The grinding process of the surface 
was carried out after that, and it was considered as the shape of a monotonous substrate. 
It was considered as the GaN board which carries out after polishing work and has the 



flat surface. The GaN board of about 1 inch in diameter a size was obtained. It becomes 
shape like drawing 1 1 (5). The bottom of a facet wall becomes the single crystal low 
dislocation company field Z (54) directly under the facet central part, and although there 
is no facet, the directly under portion of the flat part (C side) has become the single 
crystal low dislocation complementary field Y (58) in the closing defect collective 
region H (55). The grain boundary K gives the boundary 60. Since drawing ii (5) is a 
sectional view, it distinguishes and it is drawing, but when it sees with the naked eye, is 
only a uniform transparent plate like a glass plate, and does not understand such a 
difference under a microscope, either. [03 18]This GaN board is a substrate which makes 
the surface a field (0001) and C side. The substrate itself is transparent and it is flat. 
However, if the CL images of a substrate face are observed, the history of crystal 
growth can obseive as contrast. When CL observation was carried out with the 360-nm 
light of the wavelength near the band end of GaN, it turned out that the closing defect 
collective region is regularly located in a line in a 400-micrometer pitch. This is the 
same as the pitch of the mask 53. 

[0319]Although the closing defect collective region H is visible as dark contrast in 
many cases, depending on a place, it becomes bright contrast. Those character may not 
necessarily agree. Although it is bright and dark, it is CL images, and in macro-scopic 
observation, it is completely uniform and is transparent flatness. Microscope 
observation is also transparent and it is flat. The bright difference that it is dark comes 
out for the first time as CL images. 

[0320]However, the single crystal low dislocation company field Z grown-up following 
the pit walls 56 of a facet is visible as bright contrast of a dudecagon. 
[0321]The single crystal low dislocation complementary field Y of the under for 57 
flatness is visible as dark contrast. This is the portion which carried out C side growth. 
If it observes by CL, by contrast, the round closing defect collective region H, the single 
crystal low dislocation company field Z of the concentric circle, and the residual single 
crystal low dislocation complementary field Y are easily distinguishable. 
[0322]The closing defect collective region H is extended to c shaft orientations. The 
closing defect collective region H exists as what penetrates a substrate crystal and is 
extended at right angles to a substrate face. However, the hole is not necessarily open to 
a substrate. A substrate is uniform packing. It is an organization which will not be seen 
without CL. However, some level difference may arise and the field of the closing 
defect collective region H may have become depressed. The level difference of about 
0.3 micrometer was seen especially about the sample A. This is considered to be 
because for the polishing speed at the time of polish to have had some difference in the 



closing defect collective region H. 

[0323]since it has flat substrate shape — penetration dislocation density etc. — 
measurement — it is easy. It is observable by CL images, an etch pit, and TEM. 
However, observing by CL images is easiest. 

[0324]In CL images, penetration dislocation is observed as a dark point. In the sample 
B and the sample A, it turned out that penetration dislocation is concentrating on the 
inside of the closing defect collective region H. It also turned out that rearrangements 
gathered on the boundary of the closing defect collective region H, and it has ranked 
with the line. This is equivalent to a surface state defect in three dimensions. The 
closing defect collective region H is clearly distinguished with a closed contour 
(boundary line; grain boundary K) also with dark CL. 

[0325]In the sample A, the shape of the closing defect collective region H was a square 
shape and an infinite form for a 40-micrometer diameter (a seed is a 50-micrometer 
diameter). With the sample B, the closing defect collective region was a 
180-micrometer diameter (a seed is 200 micrometers), and was the roundish infinite 
form. The difference among the samples A and B is only a diameter of a closing defect 
collective region. And it is dependent on the size of a seed (SiC>2). 
[0326]Dislocation density decreases as the outside (the single crystal low dislocation 
company field Z, the single crystal low dislocation complementary field Y) of the 
closing defect collective region H has few rearrangements and the sample A and the 
sample B separate from the closing defect collective region H. Depending on a place, 
dislocation density may decrease sharply immediately from the closing defect collective 
region H. In the single crystal low dislocation company field Z and the single crystal 
low dislocation complementary field Y, average dislocation density was below 5x10 
6 cm" 2 . In the single crystal low dislocation complementary field and the single crystal 
low dislocation company field, a rearrangement is parallel to C side and many are 
running towards the closing defect collective region H. Therefore, since absorption 
accumulation is carried out, a rearrangement is considered that a rearrangement 
becomes low in other fields (the single crystal low dislocation company field Z, the 
single crystal low dislocation complementary field Y) by the closing defect collective 
region H. 

[0327] With KOH solution, temperature was raised and the GaN board of the samples A 
and B was etched. When observed about the sample B, the portion that especially a 
closing defect collective region was easy to be etched selectively existed. Other single 
crystal low dislocation complementary fields and a single crystal low dislocation 
company field are hard to be etched. The part which is hard to be made into the part 



which is easy to be etched is located in a closing defect collective region. Saying is that 
the closing defect collective region H has not only the field that is a Ga side (0001) but 
a portion used as the field which are (it is hard to be etched) and an N (nitrogen) side 
(000-1). The single crystal low dislocation complementary field and the single crystal 
low dislocation company field were hard to be etched only in respect of Ga side (0001), 
and since polarity was reversed and the nitrogen side (000-1) had come out of a part of 
closing defect collective region, the place where it tends to be etched by KOH would 
appear in part. Thus, the part which a part of polarity reversed also exists in a closing 
defect collective region. When it observed in detail about the sample A to it, the portion 
of most closing defect collective regions H was etched, and it had become depressed. As 
a result of analyzing together with a TEM (transmission electron microscope) audit 
observation furthermore, about the closing defect collective region H of this sample A, 
it turned out that most consists of a single crystal which 180 degrees of crystal 
orientation reversed in the <0001> directions in the surrounding single ciystal regions. 
Therefore, the closing defect collective region H is a nitrogen side to the surrounding 
single crystal regions of the surface after polish being Ga sides. As a result of detailed 
analysis, in many closing defect collective regions H of the sample A, although 180 
degrees of crystal orientation were reversed in the <0001> directions, a certain thing 
became clear also the place which consists of two or more crystal grains. It is thought 
from these results that the indices of crystal plane of a facet with a small angle of 
inclination equivalent to the closing defect collective region H at the time of the crystal 
growth of the sample A are {11-2-4}, {11-2-5}, {11-2-6}, {1-10-2}, {1-10-3}, and 
{1-10-4}. 

[0328]The character with a fundamental GaN board of the sample A (diameter of 50 
micrometers of a sort) and the sample B (diameter of 200 micrometers of a sort) is 
common. The greatest difference is a size of the closing defect collective region H (40 
micrometers and 180 micrometers). It can be beforehand decided with the size of a seed 
(Si02). In order to use a substrate area as effectively as possible, it is good to make 
small the closing defect collective region H with many rearrangements. And a best 
policy enlarges the single crystal low dislocation complementary field Y and the single 
crystal low dislocation company field Z. 

[0329]However, when the closing defect collective region H is made too much small (it 
is small about a seed), it may be said that the closing defect collective region H is not 
formed primarily. If it becomes so, it cannot say that defects are swept and collected 
with facet growth, but neither a single crystal low dislocation complementary field nor a 
single crystal low dislocation company field can be made, and dislocation density 



cannot be lowered. 

[03 30] [Growth of the sample C (diameter [ of a sort / of 2 micrometers ], and pitch 
20micrometer)] GaN growth was performed about the sample C which distributed the 
kind of the diameter of 2 micrometer over the vertex of the equilateral triangle around 
[ 20 micrometer ]. This is an example also with a small pitch with a small seed diameter. 
You tried to make it grow up by the HVPE method like the above-mentioned samples A 
and B. Then, the kind (Si0 2 ) of the diameter of 2 micrometer was buried, and even if it 
carried out facet growth, it did not become the relation that a facet bottom occurred 
from a seed. Therefore, the kind 53 was not able to prescribe a facet center. It is 
distribution of a random facet. Control of the pit position was not completed. It is a 
problem. 

[033 l]Then, the HVPE method was stopped and the GaN crystal was grown up with the 
late growth rate by the MOCVD method. A growth rate is reduced in order to make a 
pit recover from a seed (Si0 2 ). 

[0332]The MOCVD method does not use the metal Ga but uses as a raw material the 
organic metal containing Ga. A gaseous raw material uses trimethylgallium (TMG;3 
fellows gas), ammonia gas (NH 3 ;5 fellows gas), and hydrogen gas (H 2 ; carrier gas). 
[0333]The sample C was put on the susceptor of a reactor, it heated at 1030 **, material 
gas was supplied by ordinary pressure 3 fellows:5 fellows ratio =1:2000, and GaN was 
grown up. The growth rates were 4 micrometer/h and growth time was 30 hours. The 
GaN layer about 120 micrometers thick was able to be grown up. 
[0334]Crystal growth with the facet of the shape of a pit which used the kind 53 as the 
bottom by this was performed. Since a pit bottom agrees in the position of the kind 53, 
control of pit arrangement is possible. The closing defect collective region H follows 
the bottom of a pit. 

[0335]Although the diameter of sowing was very as small as 2 micrometers in the 
sample C, the closing defect collective region H made at the pit bottom was small along 
with it, and the diameter was about 1 micrometer. That is, it not only gives the position 
of the closing defect collective region H, but I hear that the kind 53 can also give the 
size, and there is. 

[0336]The single crystal low dislocation company field Z grew succeeding the bottom 
of the inclined plane 56 of a pit. Since the pitch is narrow, this serves as a small circle. 
It checked that it was a single crystal here in low dislocation by TEM observation. 
Corresponding to the flat face (C side) 57 between pits, the single crystal low 
dislocation complementary field Y was generated. It was a single crystal also here in 
low dislocation. Such character is as common as the samples A and B. The place which 



the closing defect collective region H says is very small is the feature of the sample C. 
In HVPE, even if impossible, distribution of the closing defect collective region H of 
the same arrangement size as a small kind was able to be acquired by using the 
MOCVD method. 

[0337][Growth of the sample D (diameter [ of a sort / of 300 micrometers ], and pitch 
2000micrometer)] GaN growth was performed about the sample D which distributed the 
kind of the diameter of 300 micrometer over the vertex of the equilateral triangle around 
[ 2000 micrometer ]. This is an example also with a large seed diameter and a large 
pitch. It was made to grow up by the HVPE method like the above-mentioned samples 
A and B. The growing condition of HVPE is as follows. 
[0338] 

Growing temperature 1030 ** NHi partial pressure 0.3atm (30kPa) HC1 partial pressure 
2.5xl0" 2 atm (2.5kPa) Growth time 30 hours[0339]With this growth, the 4.3-mm-thick 
GaN thick film ciystal was obtained. In the sample D, the pit which consists of a reverse 
12 pyramid-shaped facet surface is seen. The closing defect collective region H was 
arranged regularly. The position was surely in agreement with the position of the kind 
(Si02 mask) 53 formed on the first GaN film. 

[0340] However, pit shapes also had many places which were collapsing. The pit small 
in addition to the pit regularly arranged corresponding to a mask was also generated. 
The position control nature of a pit is imperfect. 

[0341]The closing defect collective region H exists in a 2000-micrometer pitch, and its 
it is equal to the pitch of the original mask (seed) 53. In the pit in such a regular position, 
the beautiful [ reverse 12-sided pyramids ]-shaped thing also had a diameter at about 
2000 micrometers. However, in spite of having been in the position in a 
2000-micrometer pitch, there were some with which the form collapsed and the 
adjoining pit was connected. The path (the right a position.) of the pit with such shape 
disorder was small at about 200 micrometers. The dislocation density of the closing 
defect collective region H was high. 

[0342]However, around the closing defect collective region H located in a prescribed 
position even if the closing defect collective region is carrying out mold collapse, the 
single crystal low dislocation complementary field Y and the single crystal low 
dislocation company field Z were generated, and the dislocation density of the average 
of the portion was below 5x10 6 cm" 2 , and was low dislocation. There was also a place 
which generation of a single crystal low dislocation complementary field or a single 
crystal low dislocation company field is not clear around the closing defect collective 
region H made to the part [ arrangement / regular ] (not based on a seed) shifted, and 



does not become low dislocation. 

[0343 ]By the experiment by sample A-D, the diameter of the closing defect collective 
region H 1 micrometer - 200 micrometers, It became clear that it is conditions of 
[ diameter / of the kind (mask; circular part) which gives a closing defect collective 
region ] 20 micrometers - 2000 micrometers in the pitch of 2 micrometers - 300 
micrometers, and a closing defect collective region, and the effect of this invention can 
fully be acquired. 

[0344] [Example 2 (GaAs, Si, the sapphire substrate; patterns A and H (A+ELO); 
drawing 12 )1 The following three kinds of dissimilar-material boards were prepared, 
b. (Ill) Field GaAs substrate RO .C side (0001) sapphire substrate Ha . (Ill) side Si 
substrate [0345]Si is the cubic system of diamond structure. GaAs is sphalerite structure 
(Zinc Blende) type cubic system. GaN is a hexagonal system. The C side has 
symmetiy-of-revolution nature 3 times. As for cubic system, only a field (111) has 
symmetry 3 times. Then, Si and GaAs use the substrate of the field (1 1 1) of symmetry 3 
times. Sapphire is a trigonal system. In order to make it grow up to be c shaft 
orientations, sapphire uses a single crystal with C side (0001) as a substrate. 
[03461 Drawing 12 (1) The growing method of GaN was illustrated to - (3). After 
sample A-D attached the GaN layer of 2-micrometer thickness on the different-species 
board, it attached mask (SiOa) material, and formed the kind 53, but in Example 2, 
attaches a mask material on the dissimilar-material substratum substrate 51 from the 
start, and forms the kind 53. The kind 53 of the pattern with 6 times symmetry to which 
a circular part remains on the vertex of an equilateral triangle which formed the Si0 2 
layer of 0. 1 -micrometer thickness in the different-species board 51 directly, and was 
periodically provided by the photolithography was formed. 

[0347]The arrangement pattern of the kind 53 used in Example 2 is two, A and the 
pattern H. The pattern A is the same as Example 1. The pattern H is the hybrid type 
which piled up the ELO (lateral growth) mask on the pattern A. 

[0348](Pattern A) It is considered as the same arrangement as the pattern A of Example 
1 (a 50-micrometer diameter, a 400-micrometer pitch). That is, a circular part 50 
micrometers in diameter is provided in the vertex supposing a with an one-side 
[ 400-micrometer equilateral triangle ] set. The field (space 19: drawine 6_(a)) where 
this is other comes out as it is, and attaches nothing. 

[0349](Pattern H) It is considered as the hybrid mask which superimposed the pattern A 
(a 50-micrometer diameter, a 400-micrometer pitch) and the ELO mask. The pattern A 
provides a circular part 50 micrometers in diameter in the vertex supposing a with an 
one-side [ 400-micrometer equilateral triangle ] set. This is a pattern in which the 



direction of an opening takes a large area. An ELO (Epitaxial Lateral Overgrowth) mask 
is attached to a portion (unfilled space part 19) without the circular part. That it is as an 
ELO mask is a mask pattern used when performing lateral overgrowth. It is a pattern 
whose mask surface product there are few openings and is larger. For example, one side 
arranges a dot form opening (window) 2 micrometers in diameter here on the vertex of 
the equilateral triangle of a pattern everywhere covered with the equilateral triangle 
which is 4 micrometers. He is trying for one side of the equilateral triangle used as a 
standard to become the direction of one side of the equilateral triangle of the pattern A, 
and parallel. In drawing 12 (1), since it is too fine, the graphic display of the ELO 
pattern has been omitted, but the thin film layer in which many windows exist is 
provided between the kinds 53. 

[0350]Since a mask pattern is directly put on a different-species board, the direction of a 
GaN ciystal cannot define the direction. The direction of a different-species board needs 
to define. In the case of the pattern A, the direction of the neighborhood of an 
equilateral triangle is made a reference direction. In the case of the GaAs substrate, the 
reference direction made it the <1-10> direction. In the case of the sapphire substrate, it 
was made into the <1-100> direction. In the case of the Si substrate, it was made into 
the <1-10> direction. In this way, a pattern differs from that whose substrate is different, 
and four kinds of sample E-H were produced. Each sample is as follows. 
[0351]Sample E; what formed the pattern A (a 50-micrometer diameter round part, a 
400-micrometer pitch) as a seed pattern directly on the GaAs substrate (111). 
Sample F; what formed the pattern A (a 50-micrometer diameter, a 400-micrometer 
pitch) as a seed pattern directly on the sapphire substrate (0001). 

Sample G; that in which the pattern A carried out seed pattern formation directly on the 
Si substrate (111). 

Sample H; what formed the pattern H (pattern A+ELO) directly on the GaAs substrate. 
[0352]The state where the mask of these samples was attached is shown in drawing 12 
(1). Having formed the mask pattern in the substrate directly differs from Example 1, 
without attaching a GaN layer on a different-species board. The layer of GaN was 
formed by the HVPE method like [ E-H / sample ] Example 1. The HVPE method has 
Ga boat above a reactor, and has a susceptor for putting a substrate caudad. Hydrogen 
gas and HC1 gas are supplied to Ga boat from the upper part, and GaCl is generated. 
GaCl is the method of supplying ammonia in the part in contact with the substrate 
which flowed below and was heated, and compounding GaN by a reaction with GaCl. 
After growing up a GaN buffer layer to be up to a mask at low temperature, a GaN 
epilayer is thickly grown up at an elevated temperature. Two steps of growth are carried 



out about GaN. 

[0353](1. Growth of a GaN buffer layer) The GaN buffer layer was grown up by the 
HVPE method on GaAs, sapphire, a Si substrate, etc. on the following conditions. 
Usually often carrying out provides a buffer layer. 

Ammonia partial pressure 0.2atm (20kPa) HC1 partial pressure 2xl0" 3 atm (200 Pa) 
Growing temperature 490 ** Growth time 15 minutes Buffer layer thickness 50 
nm[0354](2. Growth of a GaN epilayer) An epilayer is provided at an elevated 
temperature by the HVPE method on the buffer layer which carried out low-temperature 
growth. 

Ammonia partial pressure 0.2atm (20kPa) HC1 partial pressure 2.5x10" atm (2500 Pa) 
Growing temperature 1010 ** Growth time 11 hours Epilayer thickness About 1300 
micrometers (1.3 mm)[0355]Thus, the technique into which a buffer layer is grown up 
to be at low temperature, and an epilayer is grown up at an elevated temperature is 
known well. The GaN board whose thickness is transparent at 1.3 mm was obtained for 
sample E-H. Appearance is the same as that of the sample of Example 1. He has 
sensibility like [ it is transparent and ] glass. We will know the difference between a 
closing defect collective region, a single crystal low dislocation company field, a single 
crystal low dislocation complementary field, etc. only after observing by CL. However, 
since facet growth is carried out, microscope observation may be sufficient as surface 
unevenness (pit), and it is known. 

[0356]A sectional view is shown in drawing.j.2...(2). All of four samples had on the 
surface many pits which consist of the facet surface 56. The pit center position (bottom) 
59 had agreed with the mask position first provided as the kind 53 (Si0 2 ). That is, a pit 
with a diameter of 400 micrometers which carried out the maximum dense arrangement 
as well as Example 1 touches mutually, and exists on the surface. Pits are reverse 
12-sided pyramids and it was also checked that a facet with a smaller angle exists in the 
central part. 

[0357]On the kind 53, the closing defect collective region (H) 55 continues, and an it 
top serves as the bottom 59 of the pit. The bottom of the inclined plane 56 of a pit 
serves as the single crystal low dislocation company field Z, and the bottom of the flat 
face 57 of C side serves as the single crystal low dislocation complementary field (Y) 
58. The single crystal low dislocation complementary field Y and the single crystal low 
dislocation company field Z were single crystals in low dislocation. 
[0358](Grinding process) The grinding process was carried out to sample E-H. The rear 
face was ground first and the GaAs substrate, Si substrate, and sapphire substrate which 
are the different-species boards 51 were removed. The kind 53 is also removed in 



passing. Furthermore the surface was also ground and the surface was made flat except 
for the pit. The substrate which has a flat surface and rear surface was made. As for the 
diameter, an about 2-inch flat smooth transparent substrate was obtained. Drawing 12 
(3) shows the state. All of these substrates are the transparent substrates which use a 
GaN (0001) side (C side) as the surface. The closing defect collective region (H) 55 is 
located in a line with the substrate face with symmetry 6 times. The center is in 
agreement with the kind 53 set up first. Each closing defect collective region H was an 
infinite form. The diameter of the closing defect collective region H was about 40 
micrometers. It is a size corresponding to a seed pattern (a 50-micrometer diameter, a 
400-micrometer pitch). It is the result of giving a nod of assent, if it thinks that a closing 
defect collective region grows on the Si0 2 kind 53 which has symmetry 6 times. 
[0359]Inside the closing defect collective region H, although dislocation density is high, 
dislocation density falls as it separates from a closing defect collective region. The 
single crystal low dislocation complementary field (Y) 58 of the outside of the closing 
defect collective region H and the single ciystal low dislocation company field Z had 
made low dislocation density. Any sample was the low dislocation below 5x10 6 cm" 2 . 
More specifically the average dislocation density of the single crystal low dislocation 
company field Z and the single crystal low dislocation complementary field Y, Sample 
E (GaAs substrate); 2x10 6 cm" 2 sample F (sapphire substrate); 1x10 6 cm" 2 sample G (Si 
substrate); 3x10 6 cm" 2 sample H (GaAs substrate); 9x10 5 cm" 2 [0360]It came out. All 
have sufficient low dislocation density. It seems that there is a dependency over a 
substratum substrate. It is a sapphire substrate (F) which makes dislocation density low 
most in E, F, and G. Subsequently, a GaAs substrate (E) makes dislocation density low. 
It seems that the operation of rearrangement reduction of a Si substrate (G) is the 
weakest. 

[0361]The sample H which furthermore used the technique of ELO together has the 
most remarkable low-dislocation-izing. Compared with the sample E of only a seed 
mask, average dislocation density is decreasing in the abbreviation half. It is presumed 
that an operation of the reduction (closing defect collective region H) with a seed mask 
and an ELO mask (rearrangement reduction by a turn and collision) is the same grade 
generally. 

[0362]The state of the closing defect collective region H was the same as Example 1. 
The pit which consists of facet surfaces grows on the first kind 53, a rearrangement 
concentrates on the bottom of a pit, and a closing defect collective region is formed. 
Since a rearrangement concentrates on a closing defect collective region, the 
rearrangement is decreasing in the other single crystal low dislocation company fields Z 



and the single crystal low dislocation complementary field Y. 

[0363](Wonder of the sample E) Two samples were produced about the sample E 
(GaAs substrate; pattern A). The appearance of the growth crystal differed about two 
sheets in the wonderful thing. The closing defect collective region H, the single crystal 
low dislocation company field Z, and the single crystal low dislocation complementary 
field Y were clearly distinguished like point ** as Example 1 or Example 2, and one 
sheet of the sample E had become low dislocation in Z+Y. However, although the pit 
which becomes one substrate which will be sample E Accepted from a facet surface was 
generated by the position symmetrical with 6 times right on the kind 53, it turned out 
that the closing defect collective region H does not exist in the center of a pit. It is 
understood by seeing CL images. It is wonderful that what is different by the same 
process was made. 

[0364](The sample E lacking in a closing defect collective region) When the sample E 
was investigated more minutely, it turned out that the bunch of the rearrangement which 
there is no closing defect collective region H which should follow the bottom 59 of a pit, 
and should be collected by the facet has spread to the large field. Average dislocation 
density was 6x10 6 cm" 2 . Therefore, dislocation density is higher than the single crystal 
low dislocation company field of other samples, and a single crystal low dislocation 
complementary field. In this sample E, the rearrangement group was located in a line 
with the line from the center 59 of a pit in some pits. The surface state defect also 
existed in the surroundings of the line defect. This surface state defect is a surface state 
defect to which drawing 1 (b) makes the angle of 60 degrees mutually. A line defect is a 
nodal line of a surface state defect, and is prolonged directly under a pit bottom. The 
surface state defect had some which have been prolonged ranging from the pit center to 
not less than 100 micrometers. This will be considered that the once concentrated 
rearrangement distributed scatteringly. 

[0365]When the closing defect collective region has disappeared like [ one ] the sample 
E, in the pit which consists of facets, a pile-up-of-dislocations set is not performed well, 
but a rearrangement spreads, and a surface state defect appears at a pit bottom. Of 
course, the arrangement of a pit is transferring the arrangement of a seed correctly even 
in such a case. However, the closing defect collective region H is not formed in a pit 
pars basilaris ossis occipitalis (empty pit). Therefore, low dislocation-ization is not 
made. It is useless in an empty pit. 

[0366]That is, in order to make effective this invention which tries to make a low 
dislocation GaN crystal, I hear that two conditions, the closing defect collective region 
H is generated [ that a pit transfers the arrangement of a seed faithfully and is generated 



and ] by the pit bottom, are indispensable, and there are. As for a pit, just having been 
formed regularly is insufficient. Furthermore, the closing defect collective region H 
must be formed in the pit bottom. In the GaN board of this invention, he can understand 
the importance of the closing defect collective region H. 

[0367][Example 3 (kind of mask)] The GaAs substrate which has a plane direction 
(111) As side was prepared as two or more sheet substratum substrate. In order to 
confirm what kind of effect the difference in a mask (seed pattern) has, the seed pattern 
of a thin film which is different in a substrate is produced. (Ill) Thing (I) which formed 
0.15-micrometer-thick thin film in As-GaAs substrate directly, The thing (J) in 

which 0.2-micrometer-thick Pt membrane was formed, the thing (K) in which 
0.2-micrometer-thick W thin film was formed, and the thing (L, M) in which the 
0.1 -micrometer-thick SiOi thin film was formed were produced. 

[0368]Resist was applied, by a photolithography and etching, some thin films were 
removed and the seed pattern was produced. The seed pattern was used as the pattern A 
symmetrical with 6 times ( drawing 6 (a)) described in Example 1 about SiN-film (I), Pt 
membrane (J), and W thin film (K.). The pattern A arranges the circular kind of a 
50-micrometer diameter on the vertex of what consists of a repetition of one-side the 
equilateral triangle of 400 micrometers. It was made for the direction of one side (pitch) 
of an equilateral triangle to become parallel to the <1-10> direction of a GaAs substrate. 
[0369]About the Si02 thin film substrate, the pattern L symmetrical with 4 times and 
the pattern M symmetrical with two times were produced. The pattern L is symmetrical 
with 4 times which has arranged the circular kind of a 50-micrometer diameter on the 
vertex of what consists of a repetition of one-side the square of 400 micrometers. The 
pattern M is symmetrical with the two times which have arranged the circular kind of a 
50-micrometer diameter on the vertex of what consists of a repetition of the rectangle of 
400 micrometers x 600 micrometers. It was made, as for the pattern L, for the direction 
of one side of a repetition square to become parallel to the <1-10> direction of a GaAs 
substrate. It was made, as for the pattern M, for the direction of the shorter side of a 
repetition rectangle to become parallel to the <1-10> direction of a GaAs substrate. 
[0370]Four kinds of thin films were investigated with the X-ray diffraction method. 
Si 3 N 4 thin film (I) was amorphousness and polycrystal and W thin film of Pt membrane 
(J) were [ polycrystal and a Si02 thin film ] amorphous. A sample with these five kinds 
of seed masks is set to the sample I, J, and K, L, and M. 

[0371]The pattern A of a sample I;Si 3 N4 thin film. GaAs substrate sample J formed 
directly ;P The pattern A of t thin film. The GaAs substrate which formed directly the 
pattern M of the GaAs substrate sample M;Si0 2 thin film which formed directly the 



pattern L of the GaAs substrate sample L;Si0 2 thin film which formed directly the 
pattern A of the GaAs substrate sample K;W thin film formed directly [0372]Then, 
GaN was grown up by the HVPE method on these sample board. The HVPE method in 
Example 3 is the same as the thing in Examples 1 and 2. There is a susceptor which Ga 
boat is above a hot wall type reactor, and put the substrate on it caudad. Ga is heated by 
not less than 800 **, and has become Ga melt. A substrate is also heated by the 
following temperature. Hydrogen and HC1 gas are sprayed on Ga boat from the upper 
part, and GaCl is compounded. Although it reacts to NH 3 (+ hydrogen) which GaCl 
processes it and is introduced near the substrate and GaN is made, it accumulates on a 
substrate and serves as a GaN layer. 

[0373]A buffer layer is first grown up thinly at low temperature, and an epilayer is 
thickly grown up at an elevated temperature on it. Conditions are as follows. 
(The growing condition of a buffer layer; the HVPE method) Growing temperature 490 
** NH 3 partial pressure 0.2atm (20kPa) HC1 partial pressure 2xl0" 3 atm (200 Pa) Growth 
time 20 minutes Thickness 60 nm[0374] 

(The growing condition of an epitaxial layer; the HVPE method) Growing temperature 
1030 ** NH 3 partial pressure 0.25atm (25kPa) HC1 partial pressure 2.5xl0" 2 atm 
(2.5kPa) Growth time 13 hours Thickness 1800 micrometers (average)[0375]The 
sample which deposited an average of 1.8-mm GaN thick film had many pits in the 
surface. The sample I, J, and K had the almost same surface shape on appearance. It had 
many pits which consist of a facet surface on reverse 12 pyramids, and moreover, the 
position was in agreement with the position of the kind of the shape of circular dots 
established on the substrate at the beginning, and was correctly located in a line with 
symmetry 6 times. That is, it is shown in drawing 6 (b). The pitch was about 400 
micrometers, the path of the pit was also about 400 micrometers, and the adjoining pit 
was circumscribed and became two-dimensional maximum dense arrangement. The 
appearance top was completely the same as the sample A of Example 1. That is, the 
position and pit center position of the seed had agreed. 

[0376]It was the same at the point that many pits which consist of a facet of reverse 
12-sided pyramids also about the samples L and M are seen. However, the arrangement 
was different and the sample L became what that consists of a square pattern of a 
400-micrometer pitch is symmetrical with 4 times. The sample M became what that 
consists of a rectangular pattern of 400 micrometers of shorter sides, and 600 
micrometers of long sides is symmetrical with two times. The position and pit center 
position of the seed had agreed also in these. 

[0377]With the sample M, the large gap between Pitt Pitt is generated along a 



rectangular long side (single crystal low dislocation complementary field Y). In this 
single crystal low dislocation complementary field Y, Pitt generating corresponding to 
sowing appeared here and there in some places. However, in most, Pitt and a kind were 
carrying out up-and-down correspondence. 

[0378]The shape of the bottom of Pitt who consists of facet surfaces was observed. In 
the sample I, J, and K, L, and M, existence of the facet surface (n of a c axis index is 
large) where an angle is shallower than the facet surface which forms the Pitt inclined 
plane in the Pitt bottom was checked. However, the unevenness rough at the Pitt bottom 
was seen about the sample J. Then, the grinding process of these five kinds of sample 
I-M was carried out. That is, it was failed by a grinding process to delete a GaAs 
substrate on the back, and the grinding process of the surface was carried out, and it was 
considered as the shape of a monotonous substrate. The after polishing work was 
performed and it was considered as the substrate which has the flat smooth surface. A 
substrate about 2 inches in diameter was obtained. 

[0379]The substrate of these samples I, J, and K is a substrate which makes the surface 
a field (0001), i.e., C side. The substrate itself is flat and it is transparent. The closing 
defect collective region H was regularly located in a line with the surface. About the 
samples I-K, the closing defect collective region was located in a line with symmetry 6 
times, and the shape of the closing defect collective region H was the infinite form 
which contained the square shape in the sample I, K, and L and M. The diameter was 
about 40 micrometers. However, in the sample J, in the closing defect collective region, 
the diameter varied in 50 micrometers - 80 micrometers, and the shape had many which 
are circular and the roundish infinite form. 

[0380]Also in which sample, there are few rearrangements on the outside of a closing 
defect collective region. Dislocation density decreases as it separates from a closing 
defect collective region. It also checked that a rearrangement decreased sharply from the 
boundary of a closing defect collective region depending on a place. 
[0381]Each average dislocation density in the single crystal low dislocation company 
field Z of the outside of the closing defect collective region H and the single crystal low 
dislocation complementary field Y was below 5x10 6 cm~ 2 . It is more specifically sample 
1:1x10 6 cm~ 2 sample J:4xl0 6 cm" 2 sample K:2xl0 6 cm~ 2 sample L:2xl0 6 cm" 2 sample 
M:4xl0 6 cm" 2 . [0382]It was the dislocation density which is said. In the sample I, K, 
and L and M, the situation of the closing defect collective region H was the same as the 
sample A of Example 1. The pit which consists of facet surfaces was formed 
considering the circular mask (seed) as a center, and it turned out that a closing defect 
collective region grows following a pitch bottom on a circular mask (seed), and that the 



rearrangement is brought together in the closing defect collective region H. 
[03 83] When the CL images of the substrate face were taken and observed, about the 
sample J which used Pt as the seed, it turned out that a situation is different for a while. 
It became clear that the closing defect collective region H is polycrystal. When the 
structure of the closing defect collective region H was analyzed by CL images and TEM, 
it turned out that there are various gestalten in the closing defect collective region H. 
[0384]It may be the polycrystal which consists of some crystal grain children like the 
sample J. That is not right, and although the number of crystal grains is one (single 
crystal), they may have different ciystal orientation from the single crystal regions (Z, 
Y) around it. Or it may have ciystal orientation which is different from surrounding 
single crystal regions although only <0001> axes are in agreement. It turned out that 
there are the closing defect collective regions H various such. 

[03 85] Also in the sample J which used Pt as the seed, the pit which consists of facet 
surfaces is formed considering a circular mask as a center, The closing defect collective 
region H is formed on a circular mask, and the point that the closing defect collective 
region H is brought together in the closing defect collective region H in the 
rearrangement by growing up along with a pit bottom is common in other things. 
[0386]The closing defect collective region H of the polycrystal which appeared to the 
sample J notably was accepted also about the sample A and the sample E. It appeared 
clearly especially in the sample J. It is thought that the closing defect collective region 
H of polycrystal is because it came to generate since the poly crystal which consists of 
GaN formed on the circular mask in early stages of growth was prolonged previously, 
and it had fully extended before being embedded in the facet surface where an angle is 
shallow. About the sample L, it had generated in the position symmetrical with 4 times 
so that the closing defect collective region H might come to the vertex of one-side the 
square which is 400 micrometers. About the sample M, it generated in the position of 
symmetry twice so that it might come to the position of the rectangular vertex whose 
closing defect collective regions H are 400 micrometers x 600 micrometers. The 
direction of the maximum contiguity of the adjoining closing defect collective region 
(pitch direction) had turned into the <ll-20> direction of the GaAs substrate. The 
position of the closing defect collective region H and a pit can be arranged to an 
orthogonal system by arrangement like the samples L and M. When the device of a 
square and a rectangle is produced, rearrangement distribution and crystallinity can be 
made the same in each. In the samples L and M, although the arrangement direction 
(pitch direction) of the pattern was set to <1 1-20> it is good also as <1-100>. 
[03 87] [Example 4 (; which uses GaN particles as a seed drawing 13 )] A GaN single 



crystal and GaN polycrystal were ground and the particles of GaN were produced. This 
particle is particles of the single crystal of GaN, and polycrystal. The diameter varied in 
10 micrometers - 50 micrometers. The metal plate which punched the detailed hole was 
produced in the position of the with an one-side [ 500-micrometer equilateral triangle ] 
with which it covered further everywhere vertex. Since particles cannot use a 
photolithography, they use the metal plate as a stencil for regular seeding. 
[0388]The sapphire substrate 61 which uses C side as the surface as a substrate was 
prepared ( drawing 13 (1)). The GaN epilayer 62 about 3 micrometers thick was 
beforehand grown up into the surface of the sapphire substrate 61 by the HVPE method 
on the whole surface (drawing 3 3 (2)). On the GaN layer on a sapphire substrate, the 
metal plate was set and GaN particles were scattered from on the so that the direction of 
the neighborhood of an equilateral triangle might become parallel to <1 1-20> of GaN. 
Particles enter into micropore and it adheres on a GaN layer. It means that removal of a 
metal plate would have arranged the particles 63 as a seed on the GaN layer at the 
position symmetrical with 6 times. It is in the state which it shows to drawing 13 (3). 
[0389]Two kinds of things which pushed single crystal GaN particles and polycrystal 
GaN particles in the metal plate, and were sprinkled on the GaN layer were produced. 
Let each be the samples N and O. 

Sample N: The sapphire substrate with a GaN layer which has arranged GaN 
polycrystal particles as a sapphire substrate sample 0:kind with a GaN layer which 
considered it as the seed and has arranged GaN single crystal particles [0390]On these 
substrates, the thick layer of GaN was grown up by the HVPE method. The technique is 
the same as what was described in Examples 1, 2, and 3. A susceptor board is placed on 
the susceptor of the reactor which has a susceptor for Ga boat caudad up, It heats at 800 
**, HC1 and hydrogen gas are led to Ga boat, and it leads ammonia and hydrogen gas to 
a susceptor, after Ga boat compounds GaCl, is made to react to ammonia and makes a 
GaN layer deposit on a substrate. 
[0391](EPI growing condition) 

Growing temperature 1050 **NHi partial pressure 0.3 atm (30kPa) 
HC1 partial pressure 2.5xl0" 2 atm (2.5kPa) 

Growth time 10-hour growth thickness About 1400 micrometers [0392]With this 
growth, about 1400-micrometer GaN thick film layer was obtained. In the appearance 
top, the samples N and O were carrying out the almost same surface shape. It became a 
thing as sectional shape shows to drawing 13 (4). The pit which consists of the facet 
surface 66 of reverse 12-sided pyramids exists in the surface in regular arrangement. On 
the surface, in most, the maximum dense arrangement of the pit is carried out in two 



dimensions, a pit 500 micrometers in diameter circumscribes it, and it exists. The flat 
part 67 (C side) is between pits. Observation of the pit bottom 69 observed a certain 
thing also what has another facet surface (c axial surface index n is large) where an 
angle of inclination is shallower than the facet surface 66. 

[0393]The portion following the bottom 69 is the closing defect collective region (H) 65, 
and is divided by the grain boundary (K) 70. The outside of the grain boundary K70 is 
single crystal low dislocation company field Z (64) directly under the facet surface 66. 
It is the single crystal low dislocation complementary field (Y) 68 directly under the flat 
face 67. That is, the pit bottom 69-closing defect collective region (H) 65-kind 63 is 
located in a line up and down. The facet 66-single crystal low dislocation company field 
Z and the flat part 67-single crystal low dislocation complementary field (Y) 68 are 
located in a line up and down. 

[03 94] Since the substrate of the samples N and O was irregular, it performed the 
grinding process. The grinding process of the rear face is carried out first, and it was 
failed to shave the sapphire substrate 61 and the kind (particles) 63. Furthermore the 
grinding process of the surface was carried out, the pit was extinguished, and it was 
considered as the flat surface. It was considered as the monotonous board with the flat 
smooth surface furthermore ground. The GaN board of the size about a 2-inch diameter 
was obtained. 

[0395]A flat smooth board is shown in drawing 13 (5). The closing defect collective 
region H, the single crystal low dislocation company field Z of the both sides, and the 
single crystal low dislocation complementary field Y of the further distant part appear in 
a section. These substrates N and O are substrates which make the surface a field (0001), 
i.e., C side. The substrate itself is transparent and, with the naked eye, it only looks 
uniformly transparent. If it sees by CL or TEM, it can discriminate from the closing 
defect collective region H, the single crystal low dislocation company field Z, and the 
single crystal low dislocation complementary field Y clearly. The closing defect 
collective region H was regular, and was located in a line with the position of symmetry 
6 (it is the same as a seed) times. The (cross section) shape is an infinite form. Although 
the diameter of the closing defect collective region H had dispersion, it was a grade (10 
micrometers - 70 micrometers). This is reflecting dispersion in the diameter of the 
particles which are seeds. 

[0396]The defect in which the inside of the closing defect collective region H is 
high-density exists. In the single crystal low dislocation company field Z and the single 
crystal low dislocation complementary field Y, a rearrangement decreases as it separates 
distantly [ there are few rearrangements and ] from the closing defect collective region 



H. There was also a place which decreases sharply only by separating a few from grain 
boundary K (70). The average dislocation density in the single crystal low dislocation 
company field Z and the single crystal low dislocation complementary field Y was 
below 5x10 6 cm" 2 any sample. Each is the sample N. : 1x10 6 cm" 2 sample O: It was the 
dislocation density 2x10 6 cm" 2 . The situation of the closing defect collective region H 
was the same as that of the sample A of Example 1. 

[0397]Since particles are positioned with a metal plate in Example 4, because of 
dispersion in the diameter of a particle, or dispersion of spraying, accuracy of position is 
not [ 1 or about 2 example using a photolithography ] high. Thus, it was confirmed that 
particles can also be used as a kind of the closing defect collective region H. It also 
turned out that the single ciystal particles (sample N) of GaN or GaN polycrystal 
particles (sample O) do not have a difference, either. 

[0398]In order to avoid an impurity, the GaN itself was made into particles here, but the 
particles of the other semiconductor material, a metallic material, and an insulating 
material can serve as a kind of the closing defect collective region H similarly. Even in 
such a case, since rear-face polish also removes the kind 63 with the substratum 
substrate 61, the internal structure of the last flat board does not change. 
[0399][Example 5 (; which uses a substratum substrate part exposing part as a seed 
drawing 14 )] The sapphire substrate 71 which uses C side as the surface as a substrate 
was prepared ( drawing 14 (1)). The GaN epilayer 72 about 2 micrometers thick was 
beforehand grown up into the surface of the sapphire substrate 71 by the MOCVD 
method on the whole surface (drawing 14 (2)). 

[0400]The seed pattern which covered with the equilateral triangle without dark circles 
so that the direction of the with an one-side [ 400-micrometer equilateral triangle ] 
neighborhood might become parallel to <1 1-20> of GaN72 is assumed on on a sapphire 
substrate. A round hole 70 micrometers in diameter was made in GaN layer 72 of a part 
which hits the equilateral triangle vertex of the seed pattern. It comes to be shown in 
drawing 14 (3). The GaN growth on the round hole 73 which is a substratum substrate 
side is delayed for up [ of GaN layer 72 ]. Therefore, the substratum substrate disclosure 
side 73 of a round hole may function as a seed. Example 5 uses a substratum substrate 
exposing part as the kind 73 in this way. Since this does not use other materials, it has 
the outstanding advantage that moreover the purity of GaN can position correctly by a 
photolithography highly. This seed pattern is also a symmetrical 6 times pattern which 
are pitch 400micrometer and 70 micrometers of ****. Let the substrate which has the 
pattern P and the pattern P of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
for this be the sample P. Sample P: The sapphire substrate with a GaN layer which has a 



dissimilar-material substratum substrate exposing part as a seed [0401]On this substrate 
P, the thick layer of GaN was grown up by the HVPE method. The technique is the 
same as what was described in Examples 1, 2, 3, and 4. A susceptor board is placed on 
the susceptor of the reactor which has a susceptor for Ga boat caudad up, It heats at not 
less than 800 **, HC1 and hydrogen gas are led to Ga boat, and it leads ammonia and 
hydrogen gas to a susceptor, after Ga boat compounds GaCl, is made to react to 
ammonia and makes a GaN layer deposit on a substrate. 
[0402](EPI growing condition) 

Growing temperature 1030 **NH 3 partial pressure 0.25atm (25kPa) 
HC1 partial pressure 2.0xl0" 2 atm (2kPa) 

Growth time 12-hour growth thickness About 1500 micrometers [0403]With this 
growth, about 1500-micrometer GaN thick film layer was obtained. It became a thing as 
the sectional shape of the sample P shows to drawing 14 (4). The pit which consists of 
the facet surface 76 of reverse 12-sided pyramids exists in the surface in regular 
arrangement. On the surface, in most, the maximum dense arrangement of the pit is 
earned out in two dimensions, a pit 400 micrometers in diameter circumscribes it, and it 
exists. The flat part 77 (C side) is between pits. Observation of the pit bottom 79 
observed a certain thing also what has another facet surface (c axial surface index n is 
large) where an angle of inclination is shallower than the facet surface 76. 
[0404]The portion following the bottom 79 is the closing defect collective region (H) 75, 
and is divided by the grain boundary (K) 80. The outside of the grain boundary K80 is 
the single crystal low dislocation company field Z directly under the facet surface 76. It 
is the single crystal low dislocation complementary field (Y) 78 directly under the flat 
face 77. That is, the pit bottom 79-closing defect collective region (H) 75-kind 73 is 
located in a line up and down, a facet — 76 - a single crystal ~ low dislocation ~ 
company — a field - (— Z -) — 74 - and — a flat part — 77 - a single crystal ~ low 
dislocation — a complementary — a field — (-- Y — ) ~ 78 ~ up and down ~ standing in a 
line — **** . 

[0405] Since the substrate of the sample P was irregular, it performed the grinding 
process. The grinding process of the rear face is carried out first, and it was failed to 
delete the sapphire substrate 7 1 and GaN layer 72 (portion which sandwiches the kind 
73). Furthermore the grinding process of the surface was carried out, the pit was 
extinguished, and it was considered as the flat surface. It was considered as the 
monotonous board with the flat smooth surface furthermore ground. The GaN board of 
the size about a 2-inch diameter was obtained. A flat smooth board is shown in dj a 
14 (5). The closing defect collective region H, the single crystal low dislocation 



company field Z of the both sides, and the single crystal low dislocation complementary 
field Y of the further distant part appear in a section. 

[0406]These substrates N and O are substrates which make the surface a field (0001), 
i.e., C side. The substrate itself is transparent and, with the naked eye, it only looks 
uniformly transparent. If it sees by CL or TEM, it can discriminate from the closing 
defect collective region H, the single crystal low dislocation company field Z, and the 
single crystal low dislocation complementary field Y clearly. The closing defect 
collective region H was regular, and was located in a line with the position of symmetry 
6 (it is the same as a seed) times. The (cross section) shape is an infinite form. The 
diameter of the closing defect collective region H was about 50-micrometer grade. 
Since the substratum substrate disclosure side 73 is correctly formed by the 
photolithography, there is little dispersion in a diameter. There is also little dispersion in 
a position. It is a high-precision technique. 

[0407]The defect in which the inside of the closing defect collective region H is 
high-density exists. In the single ciystal low dislocation company field Z and the single 
ciystal low dislocation complementary field Y, a rearrangement decreases as it separates 
distantly [ there are few rearrangements and ] from the closing defect collective region 
H. There was also a place which decreases sharply only by separating a few from grain 
boundary K (80). The average dislocation density in the single crystal low dislocation 
company field Z of the sample P and the single crystal low dislocation complementary 
field Y was below 1x10 6 cm" 2 . The situation of the closing defect collective region H 
was the same as that of the sample A of Example 1. 

[0408]Thus, it was confirmed that the substratum substrate disclosure side 73 which 
removed a part of GaN layer can also be used as a kind of the closing defect collective 
region H. This uses the GaN layer itself as a negative of a seed, and does not have a 
problem of impurity contamination. There is no heterogeneity of the thickness direction 
of a GaN crystal because GaN of the portion of a seed is shaved off at any rate. 
[0409] [Example 6 (a GaN board, the pattern A; drawing 15 )] Two kinds of samples 
were prepared about Example 6. One is the GaN board created with the pattern A (seed 
pattern circular part 50 micrometers, and circular part pitch 400micrometer) used in 
Example 1 ( drawing 15 (1)). [ in diameter ] The substratum substrate is already 
removed and this is also ground by performing surface treatment. 
Preparation is made so that epitaxial growth can be realized on a substrate. 
Let this be the sample Q. 

[0410]The thing which made the SiCh thin film form is used for another on a sapphire 
substrate. This provides a 2 -micrometer-thick GaN EPI growth phase by the MOCVD 



method on a sapphire substrate beforehand, forms a 0.1 -micrometer-thick Si0 2 thin film 
on the surface of an EPI growth phase, and performs pattern formation by photo 
lithography. The creation process is the same as Example 1, and uses the pattern A. This 
is called the sample R. 

[0411]Thickness attached the GaN epitaxial growth layer simultaneously on Q and R 
using these samples Q and the sample R ( drawing 15 (2), (3)). The same HVPE method 
as an old example was adopted as this as a grown method. After setting a substrate to a 
reactor, temperature up of the carrier gas was carried out as H 2 gas, and it grew up the 
GaN epitaxial layer at a 1030 ** elevated temperature. It is as [ growing condition / of 
an epitaxial layer ] follows. Both the substrate diameters of the sample Q and the 
sample R are diameters of 30 mm. 
[0412](EPI growing condition) 

Growing temperature 1030 **NH 3 partial pressure 0.25atm (25kPa) 
HC1 partial pressure 2xl0" 2 atm (2kPa) 

Growth time 80-hour growth thin film About 10 mm [04 13] As a result, the ingot of the 
GaN crystal about 10 mm thick was obtained for the sample Q and the sample R. These 
two ingots are called Q ingot and R ingot, respectively. Each has the same surface shape 
and these ingots were growing. That is, according to the original pattern, the maximum 
dense arrangement is carried out in most in two dimensions, and it has the form where it 
covered with the pit which consists of a facet with a diameter of 400 micrometers, 
especially ~ it should observe — in Q ingot, although only further grown up on the GaN 
board which did not provide the pattern in particular but was already created, the 
surface shape after growth is having become a surface shape equivalent to having 
carried out pattern formation. 

[0414]The end of Q ingot and R ingot was cut perpendicularly, and the section was 
observed. The section of Q ingot is shown in drawing 15 (3). As a result, in Q ingot, on 
the closing defect collective region 55H of a seed crystal, the closing defect collective 
region 85H succeeds, and it grows up, Although it was not necessarily in agreement on 
the single crystal low dislocation company field 54Z or the single crystal low 
dislocation complementary field 58Y, it turned out that either the single crystal low 
dislocation company field 84Z or the single crystal low dislocation complementary field 
88Y is growing. Of course, the field of the closing defect collective region 85H is 
located in the bottom 89 of the pit which consists of the facet surface 86. 
[0415]After performing slice machining to these two kinds of ingots and cutting down 
several Oshi's GaN board, a surface grinding process and polishing work were 
performed. The wire saw was used for slice machining. As a result, every nine GaN 



boards were obtained from each ingot (drawing 1 5 (4)). 

[0416]These substrates are considered for 6-7 sheets in early stages of growth to be 
good although 2-3 foreign matter defects in the end of growth, etc. were seen. These 
substrates are substrates which make the surface a field (0001) and C side. 
The substrate itself is flat and it is transparent. 

The closing defect collective region H was regularly located in a line with symmetry 6 
times in most in the substrate face, the shape was an infinite form, and the path was 
about 50 micrometers. On the outside of the closing defect collective region H, 
dislocation density decreases as there are few rearrangements and it separates from the 
closing defect collective region part H. The rearrangement also checked that there was a 
place which decreases sharply depending on a place from the boundary of the closing 
defect collective region part. Each average dislocation density of the outside of a closing 
defect collective region part is below 5x10 6 cm" 2 . 
It can be equal to use as a practical GaN board. 

It is thought that this method is an effective manufacturing method connected with the 

productivity drive of crystal growth. 

[0417] 

[Effect of the Invention] With facet growth, this invention brings a rearrangement 
together in a pit pars basilaris ossis occipitalis, low-dislocation-izes other portions, 
forms the closing defect collective region H in a pit pars basilaris ossis occipitalis, and 
shuts up a rearrangement, and it is not said again that it sets it free. Three problems 
previously mentioned as a technical problem for the closing defect collective region H, 
[0418](1) Reduction of MOYAMOYA-like distribution of the rearrangement from the 
rearrangement collective part of the center of a pit which consists of facet surfaces. 

(2) Disappearance of the surface state defect of the rearrangement collective part of the 
center of a pit which consists of facet surfaces. 

(3) Control the position of the rearrangement collective part of the center of a pit which 
consists of facet surfaces. All this inventions are solvable. 

[0419]The position of the closing defect collective region H where rearrangements 
gathered can be correctly controlled by the method of this invention, and the gallium 
nitride substrate of low dislocation can be produced by it. The GaN board of this 
invention is a single crystal in low dislocation in the portion (the single crystal low 
dislocation company field Z and the single crystal low dislocation complementary field 
Y) which the rearrangement is gathered into the regular specific narrow portion, and is 
used for the significant part of a device. The thing optimal as low dislocation GaN 
boards, such as an InGaN purple-blue laser diode (LD), is given. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

1 Drawing i ] ln the facet grown method to which crystal growth of the GaN is carried out 
while this invention person forms and maintains the pit which consists of facet surfaces 
on the surface proposed in JP.2001- 102307, A. A facet is a perspective view for 
explaining that a rearrangement is swept and brought near by a facet ridgeline since it 
grows up for inner [ of a pit ] apart from an average growth direction. It is a perspective 
view showing that a facet surface grows for inner, rearrangements gather in a ridgeline, 
and (a) collects to a pit bottom, (b) is a perspective view explaining the surface state 
defect which spread radiately being formed in roppo since repulsive force strong 
between the rearrangements collected on the pit bottom arises. 

] ii! &2]In the facet grown method to which crystal growth of the GaN is carried out 
while this invention person forms and maintains the pit which consists of facet surfaces 
on the surface proposed in JP,2001-102307,A. A facet is a top view of the pit for 
explaining a rearrangement being swept and brought near by a facet ridgeline with 
growth, and concentrating on the multiplex point of a pit bottom further, since it grows 
up for inner [ of a pit ] apart from an average growth direction. 

[Drawing 3] In the facet grown method to which crystal growth of the GaN is carried out 
while this invention person forms and maintains the pit which consists of facet surfaces 
on the surface proposed in JP,2001-102307,A. A facet is a sectional view of the pit for 
explaining forming longwise the aggregate bundle of the rearrangement which a 



rearrangement is swept and brought near by a facet ridgeline with growth, concentrates 
on the multiplex point of a pit bottom further, and follows a bottom since it grows up 
for inner [ of a pit ] apart from an average growth direction. It is a sectional view 
explaining (1) forming the rearrangement bunch which a rearrangement concentrates to 
a pit bottom and is extended to a lengthwise direction with growth. (2) is a sectional 
view explaining there being nothing that is covered although the rearrangement bunch 
which a rearrangement concentrates to a pit bottom and is extended to a lengthwise 
direction with growth is formed, the rearrangement which was a rearrangement set open 
system, and once gathered since repulsive force strong to both rearrangements worked 
spreading in the circumference of rose ********, and diffusion of a MOYAMOYA-like 
rearrangement taking place. 

[Dra virii; 4] while forming and maintaining on the surface the pit which consists of facet 
surfaces — GaN — ****** length — with growth, since a facet grows for inner [ of a pit ] 
in last facet grown method apart from an average growth direction. Since the space 
which formed longwise the closing defect collective region H which is an aggregate 
bundle of the closed rearrangement which a rearrangement is swept and brought near by 
a facet ridgeline, concentrates on the multiplex point of a pit bottom further, and follows 
a bottom, and closed it is made to concentrate a rearrangement, a rearrangement ~ again 
~ rose **** ~ the sectional view of the pit for explaining the outline of the growing 
method of the single crystal gallium nitride substrate of this invention that there are 
nothings. It is a sectional view explaining (1) making the closed closing defect 
collective region which a rearrangement concentrates to a pit bottom and is extended to 
a lengthwise direction with growth concentrate a rearrangement bunch. It is a sectional 
view explaining the closing defect collective region H always accompanying to a 
bottom, and (2) absorbing a rearrangement, although a pit bottom goes up with growth. 
[Drawing 5 ] The figure showing the growing method of the single crystal gallium nitride 
substrate of this invention which arranges a seed, carries out facet growth of the GaN on 
it, forms the single crystal low dislocation company field Z in a pit bottom for the 
closing defect collective region H around it, and formed the single crystal low 
dislocation complementary field Y around it on the substratum substrate. 
[Drawing 6 j The top view showing the growing method of the single crystal gallium 
nitride substrate of this invention which arranges a seed, carries out facet growth of the 
GaN on it, forms the single crystal low dislocation company field Z in a pit bottom for 
the closing defect collective region H around it, and formed the single crystal low 
dislocation complementary field Y around it on the substratum substrate. It turns out 
that the seed is geometrically arranged regularly on a substratum substrate. 



5 v TlArrange a seed on a substratum substrate, carry out facet growth of the GaN 
on it, and the single crystal low dislocation company field Z is formed in a pit bottom 
for the closing defect collective region H around it, The perspective view of the single 
crystal gallium nitride substrate of this invention which removed the substratum 
substrate and was made flat after growing up a crystal, as the single crystal low 
dislocation complementary field Y was formed [ surroundings / of it ]. 
[Drawing Si The top view showing the growing method of the single crystal gallium 
nitride substrate of this invention which arranges a seed by a symmetry pattern 6 times, 
and grows up a crystal on a substratum substrate. 

[ Drawing 9] The top view showing the growing method of the single crystal gallium 
nitride substrate of this invention which arranges a seed by a symmetry pattern 4 times, 
and grows up a ciystal on a substratum substrate. 

in i [The top view showing the growing method of the single crystal gallium 
nitride substrate of this invention which arranges a seed by a two-times symmetry 
pattern, and grows up a ciystal on a substratum substrate. 

[Drawing 1 l] Grow up a GaN epilayer on a substratum substrate, arrange a seed on it, 
carry out facet growth of the GaN, and the single crystal low dislocation company field 
Z is formed in a pit bottom for the closing defect collective region H around it, The 
figure showing the growing method of the single crystal gallium nitride substrate 
concerning Example 1 of this invention which removed the substratum substrate and the 
GaN epilayer and was made flat after growing up a crystal, as the single crystal low 
dislocation complementary field Y was formed [ surroundings / of it ]. 
[Drawing 12] Arrange a seed directly on a substratum substrate, carry out facet growth 
of the GaN, and the single crystal low dislocation company field Z is formed in a pit 
bottom for the closing defect collective region H around it, The figure showing the 
growing method of the single crystal gallium nitride substrate concerning Example 2 of 
this invention which removed the substratum substrate and was made flat after growing 
up a crystal, as the single crystal low dislocation complementary field Y was formed 
[ surroundings / of it ]. 

[Drawing 1 3 ] Grow up a GaN epilayer on different-species boards, such as sapphire, 
arrange on it the kind which are GaN particles, carry out facet growth of the GaN, and 
the single crystal low dislocation company field Z is formed in a pit bottom for the 
closing defect collective region H around it, The figure showing the growing method of 
the single crystal gallium nitride substrate concerning Example 4 of this invention 
which removed the sapphire substrate and the GaN epilayer and was made flat after 
growing up a crystal, as the single crystal low dislocation complementary field Y was 



formed [ surroundings / of it ]. 

: N . m _ jGrow up a GaN epilayer on different-species boards, such as sapphire, and 
a hole is made in a GaN epilayer by etching removal, On the hole, carry out facet 
growth of the GaN and the single ciystal low dislocation company field Z is formed for 
the closing defect collective region H around it at a pit bottom, The figure showing the 
growing method of the single crystal gallium nitride substrate concerning Example 5 of 
this invention which removed the sapphire substrate and the GaN epilayer and was 
made flat after growing up a crystal, as the single crystal low dislocation 
complementary field Y was formed [ surroundings / of it ]. 

)rawin 5 The GaN board created using the pattern A of Example 1 of this invention 
is used as a substratum substrate, Do not arrange a seed, but carry out facet growth of 
the GaN epilayer on it, and the closing defect collective region H is formed on the 
closing defect collective region H, On the single crystal low dislocation complementary 
field Y and the single ciystal low dislocation company field Z, the single crystal low 
dislocation complementary field Y. The manufacturing process figure of the single 
crystal gallium nitride substrate concerning this invention example 6 which shows that 
slice machining of the thick GaN crystal in which one of the single crystal low 
dislocation company fields Z was formed is carried out, it is ground, and two or more 
GaN boards are obtained. 
[Description of Notations] 
H Closing defect collective region 
Z Single crystal low dislocation company field 
Y Single crystal low dislocation complementary field 
2 GaN crystal 
4 Pit 

6 Facet 

7 Flat face 

8 Ridgeline 

9 The growth direction for inner 

10 Surface state defect 

1 1 Line rearrangement set defective part 

12 GaN crystal 

14 Pit 

15 Rearrangement aggregate bundle 
17 Flat face 

19 Unfilled space part 



21 Substrate 

22 GaN crystal 

23 Seed 

24 Pit 

25 Closing defect collective region (H) 

26 Facet 

27 Flat face 

29 Pit bottom (shallow facet surface) 

30 Grain boundary (K) 
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65 Closing defect collective region (H) 

66 Facet 

67 Flat face 

68 Single crystal low dislocation complementary field (Y) 
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78 Single crystal low dislocation complementary field (Y) 

79 Pit bottom (shallow facet surface) 

80 Grain boundary (K) 

84 Single crystal low dislocation company field (Z) 

85 Closing defect collective region (H) 

86 Facet 

87 Flat face 

88 Single crystal low dislocation complementary field (Y) 

89 Pit bottom (shallow facet surface) 

90 Grain boundary (K) 



